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Plate  Forest  Type 
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Page 


1  1A/G2 

2  1A/C2 

3  1A/G4 


4  1A/G4 


5  iA/G4 


6  iB/Gi 


7  1/E2 


8  2A/G1 


9  2A/G1 


2A/G2 


Andamans  Tropical  Evorgreon  Forest. —  Diplerocarpus 
alatus  Preservation  Plot,  Interview  Island,  North  Andamans. 

—  S.  K.  Seth. 

Andamans  Tropical  Evergreen  Forest. — A  general  view,  be¬ 
yond  Spike  Island,  Middle  Andamans.  S.  K.  Seth. 

West  Coast  Tropical  Evergreen  Forest. — Dipterccarfus 
bourdilloni  (various  sizes),  Kingicdendion  pinnalum  (large  tree), 
Polyalthia  sp.,  Vitex  altissima  with  evergreen  undergrowth  and 
canes.  Shendurncy,  Shencottah  Division,  Kerala. 

— M.  V.  Laurie. 

West  Coast  Tropical  Evergreen  Forest. — Dipterccarpus 
indicus  association  with  Euphotialongana,  Htpea  udghtiana  dc. 
L.  I.  P.  No.  2,  Kanara  East  Division,  Mysore. 

— M.  A.  Waheed  Khan. 

West  Coast  Tropical  Evergreen  Forest.— A  group  of  Diptero- 
carpus  indicus  on  moist  soil  with  palm  undergrow  th.  L.I.P.No. 
2,  Kanara  East  Division,  Mysore. 

S.  K.  Seth. 

Assam  Valley  Tropical  Wet  Evergreen  Forest.-Shoiea- 

Dipterocarpus  association,  Jcyporc  reserve,  Lakhimpur  Division 
Assam,  * 

— S.  K.  Seth. 

Wet  Bimboo  Brakes.— Mature  consociation  of  Bombusa  amndi- 

nacea  along  river  bank,  Kuriarki,  Cochin,  Kerala. 

— H.  G.  Champion. 

larc.,-  Tcminalia  blalnta  with 

— H.  G.  Champion. 

Andamans  Semi-Evergreen  Forest  A  1  ... 

— s.  K.  Seth. 
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1 1 

2.\/2Sl 

West  Coast  Secondary  Evergreen  Dipterocarp  Forest. — 

Dense  Hopea  growtli  on  tea  estate  abandoned  about  40 
years  earlier.  Cltirikala,  Kerala. 

— S.  K.  Seth. 

87 

12 

2B/Cia 

Assam  Alluvial  Plains  Semi-Evergreen  Forest. — Phoebe- 
Amoora  association.  Goalpara  F.ast  Division,  Assam. 

92 

— S.  K.  .Seth. 

•3 

2B/G1/2S3 

Sub-Himalayan  .Secondary  Wet  Mixed  Forest. —  Ilex 
godajam  (left  centre),  Ternslroemia  japonica  (4- mark),  Machilus 
gamblei,  M.  villosa,  Talauma  hodgsoni,  Eurya  acuminata,  Actino- 
daphne  angustifolia  etc.  Bendubi,  Kurseong  Division,  West 
Bengal.  — H.  G.  Ghampion. 

9« 

14 

2B/C3 

Orissa  Semi-Evergreen  Forest. — The  biggest  stem  is  Firmiana 
colorata.  Mango  is  also  common.  Puri  Division,  Orissa. 

too 

; 

— S.  K.  Seth. 

>5 

3A/G1 

Andamans  Moist  Deciduous  Forest. — Large  Pterocaipus 
dalbergioides  tree  in  centre.  Interview  Island,  North 
Andamans.  — S.  K.  .Seth. 

102 

16 

3A/G1 

Andamans  Moist  Deciduous  Forest. — .\  group  of  Terminalia 
bialata.  Wooleys  Island,  Middle  .'\ndamans.  — S.  K.  Seth. 

103 

17 

3.\/Gi/2Si 

Andamans  Secondary  Moist  Deciduous  Forest. — Pterocar- 
pits  dalbergioides,  Terminalia  procera  and  other  deciduous  species 
(1948  regeneration  area).  Kyitaung,  Middle  .Andamans. 

104 

— S.  K.  Seth. 

18 

3B/Gia 

Very  Moist  Teak  Forest. — Tectona  grandis  with  Terminalia 
paniculata,  T.  tomentosa,  Lagerstroemia  lanceolata  etc.  with  com¬ 
plete  shrubby  and  herbaceous  undergrowth,  Palakadava, 

S.  Goimbatore  Division,  Madras.  — M.  V.  Laurie. 

I  12 

19 

3B/Gib 

Moist  Teak  Forest. — •  Mixed  moist  deciduous  forest  contain¬ 
ing  some  teak.  Dangs  Division,  Gujarat.  — S.  K.  Seth. 

114 

20 

3B/Gib 

Moist  Teak  Forest. — .\  view  of  the  preservation  plot  “Glory 
of  Allapalli”,  South  Ghanda  Division,  Maharashtra. 

115 

— S.  K.  Scih. 

3B/Gtc  Slightly  Moist  Teak  Forest.— Transition  to  dry  deciduous 

type,  with  teak  and  Terminalia  tomentosa  as  the  commonest 
trees;  Phoenix  humilis  common  in  undergrowth.  Nallama- 
lais,  Kurnool  \Vest  Division,  .\ndhra  Pradesh.  — S.  K.  Seth. 
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22 

3B/C2 

Sonthern  Moist  Mixed  Deciduous  Forest.— Teiminalia  tomen- 
tosa  Lagerstioemia  lanceolata  (smooth  trunk),  SalmaUa  malabarica 
(left),  Cedrelatoona,Grewiatilliaefolia  with  undenvood  of  flo¬ 
wered  out  Kesave,  Bhadravati  Division, 

Mysore.  -«•  G.  Champion. 

118 

23 

3C/Cib 

Very  Moist  Bhabar  Sal  Forest. — Shorea  robusta  with  Schima 
loallichii,  Dillenia  pentagyna  Teiminalia  bellerica  (centre)  and  ever¬ 
green  undergrow'th  of  Amoora,  Leea,  Coffta,  Ervatajnia  etc.  Jainti, 
Buxa  Division,  West  Bengal.  — H.  G.  Champion. 

*31 

24 

3C/Cid 

Very  Moist  Peninsular  (Coastal)  Sal  Forest. — A  coastal  sal 

stand  on  Tamna  hill,  Puri  Division,  Orissa. 

— S.  K.  Seth. 

135 

25 

3C/C2e 

Moist  Psninsuiar  Sal  Forest. — Original  peninsular  sal  forest 
of  low  quality,  Baibali,  Ghumsur  North  Division,  Orissa. 

— S.  K.  Seth. 

143 

26 

3G/C3a 

West  Gangetic  Moist  Mixed  Deciduous  Forest. — Cedrela 
toona,  Trnuia  nudijlora,  Salmalia  malabarica,  Ficus  glomerata, 
Acada  catechu  overu  ood;  Mallotus  phillipensis  understorey;  semi¬ 
evergreen  undergrowth  of  G/ycosmis,  Munaya,Clerodendrum  etc. 
No  grass.  Dauli  Khatta,  Hald'vani  Division,  Uttar  Pradesh. 

— A.  E.  Osmaston. 

147 

27 

3G/G3/2S 

Secondary  Euphorbiaceous  Scrub. — Dense  crop  of  Macaranga 
deniiculata  succeeding  treeless  heavy  savannah  grass.  Jalpaiguri. 
Division,  West  Bengal.  — R.  S.  Troup. 

151 

28 

3/1  S2a 

Easter.n  Hollock  Forest. — Hollock  has  colonised  an  area 
deva.statcd  by  floods.  Crop  five  ycar.s  old.  Namphuk,  Tirap 
Division,  N.  E.  F.  A.  — S.  K.  Seth. 

>54 

29 

4A/L1 

Littoral  Forest. — Manilkara  Uttoralis  and  Calophyllum  inophyllum. 
Sample  Plot,  Kauriaghat,  South  Andamans. — H.'G.  Champion. 

>55 

30 

4B/TS2 

Mangrove  Forest. — Rhizophora  mucronata  (stilt  roots)  and 
Bruguiera  gymnorhiza  (knee  roots);  near  Long  Island, 
South  Andamans.  —H.  G.  Champion.’ 

164 

31 

4B/TS4 

Brackish  Water  Mixed  Forest — {Heritiera)  Forest  under  felling 
operations. JVj/!)a/r«<tVans lines  the  bank.  Sunderbans,  W.  Bengal. 

— H.  G,  Champion. 

166 

32 

4C/FS1 

Myristica  Swamp  Forest.— Large  Myristka  magniftca  with 
typical  knee  roots.  Evergreen  swamp,  Kerala. — S.  K.  Seth. 

167 

33 

4C/FS2 

Submontane  Hill  Valley  Swamp  Forest. — Trewia  mudijlora, 
Syzygium  cumini,  Ficus  glomerata,  Cedrela  toona  and  Bischqfiajava- 
nica  with  Calamus  tenius.  Dauli  Kh'itta,  Haldwani  Division 
Uttar  Pradesh.  -A.  E.  Osmaston.’ 

168 
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34 

4D/SS2 

Barringtonia  Swamp  Forest. — Barriiigtonia  acutangula  with 
no  regeneration  but  Syzygium  cumini  covering  the  ground. 
Katharia  nadi.  S.  Kheri  Division,  Uttar  Pradesh, 

169 

— A.  E.  Osmaston. 

35 

4D/SS3 

Syzygium  cumini  Swamp  Low  Forest. — Typical  stand  of 
Syzygium  along  the  marshy  banks  of  a  stream.  Goraklipur 
Division,  Uttar  Pradesh.  — T.  B.  Chitrakar. 

170 

36 

40/282 

Eastern  Wet  Alluvial  Gras.sland. — Dense  Phragmites  karka 
swamp,  Kaziranga  Wild  Life  Sanctuary  (with  Rhinoceros 
unicornis),  Assam.  — H.  G.  Ghampioii. 

172 

y 

37 

4E/RS1 

Riparian  Fringing  Forest. — Terminalia  arjuna  along  Matheiia 
river.  Betul  Division,  Madhya  Pradesh.  — H.  G.  Champion. 

•73 

38 

SA/Cia 

Very  Dry  Teak  Forest. — Transitional  type  showing  niixtuie 
of  Anogeissus  pendula  and  teak  on  exposed  sandstone  with  basalt 
boulders.  Madhya  Pradesh.  — M.  A.  Waheed  Khan. 

181 

30 

5A/Cib 

Dry  Teak  Forest. — Tectona  grandis  with  Feronia  limonia.  and 
Bulea  monosperma  associates  and  Alangium  salviifolium  undii- 
storcy.  Preservation  Plot,  Mand  Reserve,  Rewa,  Madh>a 
Pradesh.  — S.  K.  Seth. 

182 

T 

40 

5A/Gib 

Dry  Teak  Forest. — Almost  pure  teak  on  murrain  and  black 
cotton  soil  overlying  trap.  Nimar  Division,  Madhya  Pradesh. 

183 

— M.  V.  Laurie. 

4« 

5A/C2 

Dry  Red  Sanders  Bearing  Forest. — Nearly  pure  Pterocarpus 
santalinus  with  some  Anogeissus  latifolia  and  Terminalia  chcbula. 
Chloroxylon,  Randia,  Gardenia  form  a  thin  understorey  with 
dense  grass.  — H.  G.  Champion. 

185 

4a 

5A/G3 

Southern  Dry  Mixed  Deciduous  Forest. — Shorea  talura,  Ptero¬ 
carpus  marsupium  with  Gardenia  gummifera  and  Phoaiix  in  burnt 
and  grazed  forest.  Humchakatta,  Tirthihalle,  Mysori-. 

186 

4. 

— H.  G.  Champion. 

43 

SB/Cia 

Dry  Siwalik  Sal  Forest. — Heavily  lopped  sal  with  some  chir 
near  the  western  limit  of  its  range  on  dry  steep  hill  slopes. 
Renuka,  Nahan  Division,  Himachal  Pradesh. 

•95 

— S.  K.  Seth. 

44 

5B/G2 

Northern  Dry  Mixed  Deciduous  Forest. — Scattered  Ster- 
culia  urens  in  a  mixture  of  Anogeissus  lati  folia,  Terminalia  tomen- 
tosa,  Chloroxylon  swietenia  with  Ziyphus  xylopyrus,  Z-  oenoplia 
and  occasional  Fla  ourtia  ramontchi  undergrowth.  Tendukera, 
Damoh  Division,  Madhya  Pradesh.  — M.  V.  Laurie. 

200 

(ix) 
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No. 


45  5B/C2 


46  5/E1 

47  5/P:i/DSi 

40  5/E2 


,49  5/E3 

5/E4 


5«  5/E5 

52  5/E8a 

53  5/E9 

54  5/'S2 


V'  55  6  A/C  I 

V/  56  6A/C2 

57  6A/DS2 


Northern  Dry  Mixed  Deciduous  Forest. — Nearly  pure  Anogeis- 
siis  latifolia  over  short  grass  with  some  Dfndrocalamus  siriclus, 
S.W’.  aspect,  on  sand  stone.  Pijrani,  Ramnagar  Division, 
Uttai  Pradesh.  — A.  E.  Osmaston. 

Anogeissus  pendula  Forest. — Close  canopied  forest  on  ridge 
crest.  Shahabad  (near  Fortress),  Rajasthan. 

— G.  S.  Mathauda. 


Anogeissus  pendula  Scrub. — A  close  cropped  cushion  of 
Anogeissus  as  an  adaptation  to  excessive  goat  browsing.  Keoti- 
falls,  Rewa  Division,  Madhya  Pradesh.  — S.  K.  Seth. 

Boswellia  Forest. — A  good  quality  natural  pole  crop  of  Bos- 
wellia  on  flat  ijlateau.  Lachminagar,  Kannod  Division,  Madhya 
P'-adesh.  _s.  K.  Seth. 

Babul  Forest. — Pure  Acacia  arabica  on  black  cotton  soil,  sub¬ 
ject  to  heavy  grazing.  Lontek,  Anuaoti  Division,  Mahara- 

— H.  G.  Champion. 

Hardwickia  Forest. — Residual  group  of  Hardwickia  binata 
with  Cassia  auriculata  and  other  unpalatable  shrubs.  Dhulia, 
West  Khaiidcsh  Division,  Maharashtra. 

— H.  G.  Champion. 

Bntea  Forest. — Pure  BuUa  monosperma  on  badly  drained  soil; 
lopped  for  lac  cultivation.  Warseoni,  Balaghat  Division’ 
Madhya  Pradesh.  y.  Laurie. 

Phoenix  Savannah.— sylves.ris  along  low  lying  land 
near  sticam  banks.  Indore,  Madhya  Pradesh. 

— S.  K.  Seth. 

Dry  Bamboo  Brakes. — Dense  Dendrocalamus  slrictus  brakes. 
Lansdowne  Division,  Uttar  Pradesh.  — Basti  Ram. 

Khair-Sissu  T or est.— Acacia  catechu  and  some  Dalbergia  sissoo 
'.‘nth  Holoptelea  integrifolia  coming  in  beneath.  Complete  under¬ 
growth  of  .4rf/iaWa  mixed  with  isora.  l.achi- 

wala,  Dehra  Dun  Division,  Uttar  Pradesh. 

— A.  E.  Osmaston. 

Forest.-Open  spp.,  ZUyphus,  Hard- 
tmeha,  Dicspyros  etc.  on  dry  shallow  soil.  Chirodi,  Antraoti 
Dtvtsmn,  Maharashtra.  _h.  g.  Champion. 

Carnatic  Umbrella  Thorn  Forest.-Pure  Acacia  planifrons 
association,  kanyakumari,  Madras.  -H.  G.  Champion. 

wul,  CW™..  ^iculau.  KrislmaBiti,  Mad- 

H.  G.  Champion. 
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58 

6B/Gi 

Desert  Thorn  Forest. — A  view  of  scattered  Prosopis  spicigera 
thorn  I'orest  in  the  background  with  desert  dune  vegetation 
(Calligonum,  Crotalaria  etc.)  in  the  foriground.  Joharbir, 
Bikaner  Division,  Rajasthan.  — S.  K.Seth 

238 

59 

6/C/ 1 

Desert  Thor  \  Forest. — Protected  reserve  of  Bikaner  Maharajah 
showing  climax  type  forest.  Tecomella  prominent,  with  Acacia 
UucopMoea  etc.  Bikaner  Division,  Rajasthan. 

— S.  K.  .Seth. 

239 

60 

6B/C2 

Ravine  Thorn  Forest. — Typical  ravine  area  with  thorny 
vegetation  of  Acada,  Prosopis  Zizyphus,  Capparis,  etc.  Manpvr, 
Etawah,  Uttar  Pradesh-  — E.  A.  Smythieg. 

240 

61 

6B/D.S1 

Zizyphus  Scrub  (Thorn  Forest).— mauratiana  and 
some  Dichrostachys  cineiea  all  reduced  to  bushes  by  excessive 
browsing.  Kota  Division,  Rajasthan.  — G.  S.  Mathauda. 

242 

62 

6B/DS2 

Tropical  Euphorbia  Scrub. — Extensive  Euphorbia  scrub  near 
Dwarka,  .Saurashtra,  Gujarat.  — S.  K.  Seth 

243 

63 

6/E2 

Acacia  Senegal  Forest. — Pure  crop  on  level  ground,  sandy 
loam  soil.  Jaipur,  Rajasthan.  — G.  S.  Mathauda. 

244 

64 

6/E4 

Rann  Saline  Thorn  Forest. — \  closed  protected  forest  of 
Prosopis  juliflora  (dark  tone)  with  Acacia  sume,  A.  Senegal 

244 

and  A.  leucophloea.  Ehavnagar.  Saxirashtra,  Gi’jarat. 


— S.  K.  Scih. 


65 

6/E4 

Rann  Saline  Thorn  Forest. — .Vatural  extension  of  Prosopis 
juliflora  ori  sal'ne  flats,  dispersal  aided  Equus  onager,  the 
wild  ass,  which  feeds  on  pods,  the  seeds  passing  undamaged 
in  droppings.  Near  Dharangadhara,  Saurashtra. 
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— S.  K.  Se<h. 
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6/E5/DS1 

Salvadora-Cassia  auriculata  Scrub. — Common  degraded 
scrub  type.  Siroh',  Rajasthan.  — S.  K.  Seth. 
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Reed  Brakes  fOchlandrah — Ochlandra  up.  on  alluvium  form¬ 
ing  dense  dark  brakes.  Chandanathode,  Wynaad  Divi¬ 
sion,  Kerala.  — H.  G.  Champion. 
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Contral  lodian  .Subtropical  Hill  Forest. —  ‘iyzygium  forest 

On  plateau  near  Hidda  R.  H.,  Mahabaleshwar,  Maharashtra. 

257 

— H.  G.  Champion. 
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E.  Himalayan  Subtropical  W  et  Hill  Forest. — group  of 
Belula  cylindrostachys  with  mainly  evergreen  undergrowth. 
Sim  Reserve,  Darjeeling  Division,  West  Bengal. 
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— H.  G.  Champion. 
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Siwalik  Chir  Pine  Forest. — roxburghii  and  Shorea  robusla 
growing  together  with  stragglers  such  as  Qtiercus  incana 
from  temperate  zone.  Transition  form,  iioom.  Lansdowne, 
Uttar  Pradesh.  — Basti  Ram. 

Himalayan  Chir  Pine  Forest. — Pirns  roxburghii  forest  burnt 
annually  and  then  being  regenerated  with  fire  protection. 
Distant  higher  hills  carry  Qiiercus  incana  and  Q^.  dilatala  CotcsIs. 
Parkot,  Almora,  Uttar  Pradesh.  — H.  G.  Champion. 

Subtropical  Euphorbia  Scrub. — Euphorbia  royleana  associa¬ 
tion  with  some  Carissa  spinarum  on  an  exposed  slope  in  chir 
pine  belt  at  1300m.  Kangra  Valley,  Punjab.  — R..S.  Troup. 

Assam  Subtropical  Pine  Forest. — Mature  Pinus  insularis 
{khasya)  with  standards  retained  and  sowings  underneath 
in  strips.  Raiwat  Chaun,  Shillong,  Assam. 

— H.  G.  Champion. 

Acacia  modesta  Scrub  Forest. — Acacia  modesta  rapidly 
colonising  barren  slopes  after  protection.  Palaura,  Jammu 
Division,  Jammu  &  Kashmir.  — S.  K.  Seth. 

Southern  Montane  Wet  Temperate  Forest. — Temperate 
evergreen  shola  with  Ilex  wighliana,  Myrsine  wighliana,  Euge¬ 
nia  sp.,  Mahonia  etc.  and  a  fringe  of  Eupatnrium  glandulosum 
(between  forest  and  grassland)  which  protects  it  from  burn¬ 
ing.  Slokes  Shola,  Ootacamund,  Madras. 

— H.  G.  Champion. 

Southern  Montane  Wet  Scrub.— Mainly  Rhododendron  nila- 
giricum  over  denuded  wasteland.  Nilgiris,  Madras. 

— F.  Minchin. 

Southern  Montane  Wet  Grassland.— Patches  of  evergreen 
forest  in  hollows  and  roundhead  of  watercourses,  on  pastured 
grassland,  eroded  to  bedrock  in  the  foreground.  View  from 
Kankodubetta,  Ootacamund,  Madras.  — H.  G.  Champion. 

Northern  Montane  Oak  Forest — Qiiercus  lamellosa,  O. 

Itneala,  Acer  campbellii,  Michelia  excelsa  and  Castanopsis  tribu- 

loides  over  Magnolia,  Syrnplocos,  Rhododendron,  Machilus,  Lilsaea 

underwood  with  evergreen  undergrowth  including  Arundi- 

narta  inaltng.  Above  Rambi,  Darjeeling  Division,  West 

— M  V  I 
— M.  V.  Laurie. 

Ban  Oak  Forest.— Pure  Qiiercus  incana  forest  at  600  m  Dal 
housic  Minicipal  Forests,  Punjab.  _G.  S.  Mathauda. 
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Moru  Oak  Forest. — Natural  regeneration  of  Qjur.us  dilatata  299 
in  protected  catchment  areas.  Simla,  Punjab. 

— G.  S.  MatJiauda. 

Moi*t  Deodar  Forest. — Evenaged  group  of  Cedrus  deodara  301 
with  natural  regeneration  of  Pinui  wallichiana  on  clearing  in 
foreground.  Kadrala,  Lower  Bashahr  Division,  Himachal 
Pradesh.  — H.  G.  Champion. 

Western  Mixed  Coniferous  Forest  (High  Level). — Abies  304 

sptctabilis,  Pinus  wallichiana  and  Betula  utilis  with  shrubby 
undergrowth  (ayoom.).  Hiranghatti,  Upper  Bashahr  Divi¬ 
sion,  Himachal  Pradesh.  — H.  G.  Champion. 

Moist  Temperate  Deciduous  Forest. — Ulmus  wallichiana  307 

(centre),  Acer  sp.  etc.  with  Gedrus  deodara  (plantation)  in 
background  Mundali,  Chakrata  Division,  Uttar  Pradesh. 

— C.  E.  Parkinson. 

Kharsu  Oak  Forest. — Pure  Qttercus  semecarf  ifalia  on  a  ridge  310 
at  3000  m.  Narkunda,  Simla  Hills,  Punjab.  — T.  V.  Dent. 

Abies  delavayi  Forest. — Pure  Abies  delavayi  association.  316 

Balipara  Frontier  Tract,  N.  E.  F.  A.  — R.  N.  Loganey. 

Montane  Bamboo  Brakes. — Dense  A'undinaria  spp.  in  fir  316 
forest  and  preventing  regeneration.  Baghi  Lower  Bashahr 
Division,  Himachal  Pradesh.  — A.  L.  Griffith. 

Himalayan  Temperate  Pastures. — Mature  Abies  pindrow,  317 
Finns  wallicniana,  Picea  smithiana  svith  Qtiercus  semecarpifolia 
at  edge  of  pasture.  Bharach  Thach,  Jubbal,  Himachal 
Pradesh.  — H.  G.  Champion. 

Cypress  Forest. — Magnificient  grove  of  lofty  trees  (Temple  318 
grove).  Wan,  North  Garhwal  Division,  Uttar  Pradesh. 

— E.  C.  Mobbs. 

Alder  Forest. — Alnus  nitida  colony ’\x\  an  area  closed  for  seven  319 
years.  Beas  river  bed  near  Kulu,  Kulu  Division,  Punjab. 

— S.  K.  Seth. 

Riverain  Blue  Pine  Forest. — Riverain  Pinus  wallichiana  with  320 
few  deodar.  Babahar  Babal  Goniptt.  i,  near  Nagar,  Kulu 
Division,  Punjab.  — H.  G.  Champion 

Low  Level  Blue  Pine  Forest. — Pinus  wallichiana  community,  320 
with  lopped  mother  tree  rnd  progeny,  on  Karewa  formation. 

Shopian,  Jammu  &  Kashmir.  ■ — H.  G.  Champion. 
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Dry  Broadleaved  and  Coniferous  Forest. — j^erardiana 
with  Qtiercus  ilex  understorey.  Poari  Jhula,  Chini,  Upper 
Bashahr  Division,  Himachal  Pradesh.  — H.  G.  Champion. 

325 

93 

13/C2 

Dry  Temperate  Coniferous  Forest. — Open  crop  of  CeJrus 
deoiara  (75%)  and  Pinus  gerardiana  with  open  tufted  shrubs 
between  Pangi,  Upper  Bashahr  Division,  Himachal  Pradesh. 

326 

— -H.  G.  Champion. 
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13/C2/DS1 

Pohu  Scrub. — Parrotia  jacquemontiana  scrub  in  deodar  forest, 
on  an  overgrazed  hill  slope.  Jammu  &  Kashmir. 

327 

— G.  S.  Mathauda. 

95 

13/C5 

West  Himalayan  Dry  Juniper  Forest. — Juniperus  macropoda 
forest  near  Kyelang,  Lahul,  Punjab.  — N.  L.  Bor. 

328 

96 

13/1S1 

Hippophae-Myricaria  Scrub. — Hippophae*Salix  association  on 
valley  bottom,  Juglans  regia  on  lower  deposits,  Cedrus 
deodara  above  .Sangla,  Upper  Bashahr  Division,  Himachal 
Pradesh.  — M.  V.  Laurie. 

330 

97 

14/Cib 

West  Himalayan  Subalpine  BirchlFir  Forest. — Betula 
utilis  (bottom)  with  Abies  spectabilis  and  deciduous  species 
(Prunus  padi's,  Acer)  on  slopes.  Thajwas,  Sonamarg,  Jammu 
&  Kashmir.  — H.  G.  Champion. 

334 

98 

14/Cib 

West  Himalayan  Subalpine  Birch/Flr  Forest. — Abies 
spectabilis  regeneration  coming  up  under  snowbent  Betula 
utilis.  Zaiwan,  Jammu  &  Kashmir.  — A.  L.  Griffith. 

335 

99 

14/C2 

East  Himalayan  Subalpine  Birch/Fir  Forest. — Abies  dense 
with  Rhododendron  spp.  underwood  at  3300  m.  near  Sandaka- 
phu,  Darjeeling  Division,  West  Bengal.  — F.  Trafford. 

336 

100 

14/DS1 

Subalpine  Pastures.— Open  Abies  spectabilis,  Acer  spp.  and 
Betula  utilis  forest.  Zaiwan,  Jammu  &  Kashmir. 

337 

— A..  L.  Griffith, 

101 

15/Cl 

Birch 'Rhododendron  Scrub  Forest.— Be/u/u  utilis,  Rhododen¬ 
dron  campanulatum,  the  former  much  damaged  by  snow  and 
unthrifty.  Near  tree  limit  3500  m.  Hiranghatti,  Upper 
Bashahr  Division,  Himachal  Pradesh.  — M.  V.  Laurie. 
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102 

15/C2/E1 

Deciduous  Alpine  Scrah.-Rhododendron  campanulatum  and 
deciduous  shrubs  bent  by  snow,  near  tree  limit  3500  m.  Hiran¬ 
ghatti  pass.  Upper  Bashahr  Division,  Himachal  Pradesh. 

339 

103 

1 6/C  I 

— H.  G.  Champion. 

Dry  Alpine  Scrub.-Mat  plants  of  sp.  on  northern 

slopes  at  3100  m.  Koksar,  Lahul,  Punjab.  — N.  L.  Bor. 
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PREFACE  TO  THE  REVISED  SURVEY 


Over  a  quarter  of  a  century  has  passed  since  “A  Preliminary  Survey  of 
the  Forest  Types  of  India  and  Burma”  was  published.  In  the  penulti¬ 
mate  paragraph  of  the  Prefatory  Note  it  was  stated  that  “The  classification 
is  published  with  the  definite  object  of  calling  forth  constructive  criticisms 
which  will  enable  someone  to  revise  and  complete  the  much  needed 
survey  as  soon  as  possible;  if  it  succeeds  in  eliciting  this  criticism,  it  will 
have  served  its  purpose”. 


The  Preliminary  Survey  was  for  a  long  time  out  of  print  and  latterly 
impossible  to  obtain  until  it  was  re-printed  in  1962.  Proposals  for  revi¬ 
sion  have  been  put  forward  from  time  to  time  (1951,  1956)  but  the  neces¬ 
sity  for  a  background  of  knowledge  covering  the  whole  country,  the  very 
magnitude  of  the  task,  and  the  competition  of  other  urgent  work  have 
resulted  in  the  long  delay.  In  1961/62,  however,  the  senior  author  was  off¬ 
ered  an  assignment  with  the  Indian  Government  under  the  Colombo  Plan 
for  the  purpose  of  undertaking  this  revision  [together  with  that  of  the 
Manual  of  Silviculture  for  India  (1933)].  The  essential  first  step  was  to 
make  a  comprehensive  tour  of  the  country  to  discuss  suggested  additions 
and  amendments  with  the  local  interested  foresters  and  botanists,  as  far  as 
possible  in  the  types  under  discussion.  This  tour  was  undertaken  between 

10th  June,  19S2  with  the  fullest  co-operation  of 
all  the  State  Forest  Departments  concerned.  All  sixteen  States  (also  the 
Andamans  and  one  corner  of  N.  E.  F.  A.)  were  visited  for  one  to  two 

rifthe^'nl'f''  far  too  short  to  visit  or  revisit 

ably  air  and  jeep  travel,  it  proved  posable  to  include  the  maioritv  The 
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Pradesh  but  was  able  to  devote  about  4^  months,  from  September  1962  to 
January  1963,  exclusively  to  the  revision  of  the  Types  and  the  Manual  of 
Silviculture,  as  Officer  on  Special  Duty  at  the  Forest  Research  Institute. 

The  whole  of  this  revision  is  the  joint  work  of  the  two  authors,  but 
the  senior  author  gave  primary  attention  to  the  wet  tropical  forests  and  the 
hill  forests,  whilst  the  junior  author  was  in  the  first  place  concerned  with 
the  moist  and  dry  tropical  forests  including  the  important  teak,  sal  and 
bamboo  forests. 

Difficulties  arise  in  connection  with  the  botanical  nomenclature  to  be 
followed  in  a  work  such  as  this.  The  policy  adopted  has  been  to  use  the 
modern  names  [following  BOR  (1953,  i960)  and  RAIZADA  (1958,  1959) 
for  the  most  part]  wherever  the  identity  is  not  in  question,  e.g.  Salmalia 
instead  of  Bombax,  even  where  this  involves  changing  the  name  used  by 
the  author  being  quoted.  On  the  other  hand,  where  questions  of  identi¬ 
fication  are  involved,  we  have  retained  the  author’s  nomenclature.  To 
facilitate  correlation  of  the  current  and  obsolete  names  a  list  of  synonyms 
has  been  included  as  an  appendix. 

Special  attention  has  been  given  to  criticisms  made  in  reviews  of  the 
Preliminary  Survey  published  soon  after  its  appearance.  E.  O.  S.  made 
several  valuable  suggestions  which  have  been  taken  up.  A  useful  review 
by  BOURNE  who  had  special  knowledge  of  the  South  Indian  forests  [Fores¬ 
try,  X(2),  1936]  stressed  that  in  his  opinion,  several  of  the  types  differen¬ 
tiated  as  climatic  or  edaphic  climaxes  were  only  serai  in  status.  This  pos¬ 
sibility  was  mentioned  in  the  original  and  it  has  now  been  reconsidered, 
though  it  is  felt  that  BOURNE  has  gone  too  far  in  the  other  direction.  He 
also  suggested  that  the  poly-climax  theory  would  fit  the  facts  better  than 
the  mono-climax  theory  that  was  actually  followed,  mainly  for  the  reason 
that  it  was  more  convenient  in  presentation.  Questions  of  the  use  of 
terms  are  involved  and  the  authors,  whilst  continuing  the  earlier  practice 
have  an  open  mind  on  this  point  although  inclining  to  the  view  that  the 
climatic  and  vegetational  gradient  theory  is  the  most  rational  approach  to 
the  problem.  Degradation  stages  have  been  differentiated  from  secondary 
seres  and  additional  notes  given  on  ecological  status. 

Attention  was  called  to  the  inadequacy  of  information  on  the  sub-tro¬ 
pical  types  known  or  suspected  to  exist  on  the  higher  hills  in  several  parts 
of  the  country,  apart  from  the  Himalayas,  the  Nilgiri  Hills  and  the  hills 
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of  Assam.  Accounts  of  the  vegetation  of  several  of  these  sites  have  since 
been  published  and  some  of  them  have  been  visited  by  the  present  authors. 
Whereas  a  quite  considerable  amount  of  attention  has  been  given  to  the 
floristics  of  areas  of  special  interest  such  as  the  tops  of  the  hills,  the  focus 
has  been  on  plant  geography  rather  than  ecology.  Most  of  the  published 
accounts  are  of  little  value  for  the  present  purpose  as  there  is  no  indication 
of  the  contribution  made  by  the  individual  species  to  the  plant  commu¬ 
nity  as  a  whole.  It  remains  true  that  they  are  relatively  unimportant 
from  the  forestry  point  of  view,  but  they  are  retained  in  the  Survey  for 
their  general  interest. 

At  the  Fourth  World  Forestry  Congress,  SUKACHEV  (1954)  contri¬ 
buted  a  paper  on  the  importance  of  recognition  of  forest  types  for  forestry 
practice,  emphasising  his  view  that  the  whole  complex  of  life  forms  and 
their  environment  [biogeocoenosis)  should  form  the  basis  of  study  and  classi¬ 
fication.  The  Congress  recommended  his  proposals  to  the  International 
Union  of  Forest  Research  Organizations  for  study  (SUKACHEV  1958) 
with  a  view  to  wider  application  but  hitherto  no  developments  affecting 
the  present  position  in  India  have  been  notified. 


PURI  has  recently  (i960)  brought  together  most  of  the  information 
that  has  been  published  on  Indian  forest  ecology,  and  his  two  large 
volumes  may  well  be  the  easiest  source  for  reference  to  many  of  the  works 
quoted  here.  He  has  however  left  it  to  the  reader  to  make  his  own 
critical  evaluation  and  synthesis  of  the  mass  of  data  presented  (over  560 
references  are  quoted),  and  this  is  a  matter  of  considerable  difficulty  for 
•  the  practising  forester.  A  great  deal  of  the  same  literature  is  incorporated  in 
the  prpent  monograph  but  it  has  been  done  from  a  different  point  of  view 
and  with  a  different  objective.  Our  primary  purpose  has  been  to  provide 
the  forester  with  as  simple  an  overall  view  and  summary  as  possible;  we 
may  well  have  erred  on  the  side  of  over-simplification. 


Reference  must  also  be  made  to  SCHWEINFURTH’s  1957  publica. 
Uon  on  “The  horizontal  and  vertical  distribution  of  vegetation  in  the 
ima  ay  a  as  he  has  not  only  given  detailed  descriptions  of  the  twelve 
geographical  regions  into  which  he  differentiates  the  mountain  range  but 
has  drawn  up  a  list  of  29  vegetation  types,  23  of  which  occur  in  the  Union 
of  India:  biotic  influences  are  also  considered  for  each  type 
2— 7  F.R.I.  G?  C./64 
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The  distribution  map  has  been  redrawn  after  amendment  on  compari¬ 
son  with  maps  submitted  from  the  several  States.  Owing  to  the  small  scale 
it  inevitably  remains  mainly  diagrammatic.  The  climatic  map  has  also 
hecm  revised  with  the  incorporation  of  more  recent  data.  A  soil  map  of 
India  and  some  additional  maps  have  also  been  included  for  the  sake  of 
completeness. 

The  detailed  climatic  data  have  been  amended  and  extended  in  accor¬ 
dance  with  the  later  information  now  available  in  the  records  published 
by  the  Meteorological  Office.  They  have  also  been  converted  to  the  metric 
system. 


Analytical  data  on  soils  representing  the  main  soil  groups  differentiat¬ 
ed  in  India  as  well  as  the  main  forest  types  recognized  in  the  Revised 
Survey  have  also  been  given  in  an  appendix. 

The  majority  of  the  original  illustrations  of  Indian  forest  types  have 
been  retained,  but  some  replacements  and  many  additions  have  been  made 
where  suitable  photographs  were  available  in  the  photographic  collection 
of  the  Forest  Research  Institute.  Acknowledgement  is  made  on  each  plate 
concerned. 


Finally,  since  the  classification  adopted  in  the  Preliminary  Survey  has 
been  largely  used  for  describing  forests  in  Working  Plans  which  will  conti¬ 
nue  to  be  in  force  for  years  to  come,  it  has  been  considered  desirable  to 
include  a  table  of  concordance  for  types  recognised  in  the  Preliminary 
and  the  Revised  Surveys. 

In  conclusion,  it  must  be  stated  that  although  this  revision  should  be 
a  considerable  improvement  on  the  Preliminary  Survey  in  factual  informa¬ 
tion  and  theoretical  treatment,  there  has  been  much  less  detailed  study 
and  consequent  advance  in  knowledge  and  understanding  of  the  forest 
types  of  the  country  than  could  have  been  hoped  for  in  the  considerable 
period  that  has  lapsed.  It  is  the  hope  of  the  authors  that  a  renewed  call 
for  constructive  criticism  and  purposeful  field  studies  will  find  a  wide 
response. 
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PREFATORY  NOTE 


This  compilation  has  been  produced  under  several  difficulties.  The 
need  of  a  standard  classification  for  the  important  forest  type?  of  India 
has  long  been  felt  in  connection  with  silvicultural  work  particularly  in  its 
application  to  forest  management  under  working  plans,  and  this  need  has 
led  to  the  adoption  of  local  standard  types  in  some  provinces.  The  same 
need  was  stressed  at  the  1929  Silvicultural  Conference  at  Dehra  Dun  in 
connection  with  the  study  of  the  group  of  types  included  under  the  term 
“tropical  evergreen”.  So  in  1929,  I  asked  Provincial  Silviculturists  to 
collect  views  on  the  subject  held  in  their  province  and  forward  them  to 
me  for  compilation.  Lists  with  very  varying  amount  of  detail  were 
received  from  all  provinces  during  1930  but  owing  to  the  complexity  of 
the  subject,  my  repeated  absence  on  tour,  and  preoccupation  with  other 
problems,  it  has  only  recently  been  possible  for  me  to  finish  work  on  this 
subject.  The  survey  now  completed  has  revealed  the  lacunae  in  the 
recorded  information,  some  of  which  could  doubtless  be  filled  up  were 
it  possible  to  keep  publication  pending  yet  another  year,  a  source  which 
it  has  been  decided  for  a  variety  of  reasons  not  to  adopt. 


In  addition  to  these  lists,  I  have  utilised  all  the  published  informa¬ 
tion  I  could  trace,  particularly  the  introductory  pages  of  Troup’s  “Silvicul 
lure  of  Indian  Trees"  and  Stamp’s  "Vegetation  of  Burma",  but  most  of  all  mv 
own  observations  and  filled  notes  made  in  all  parts  of  India  durinir  the 
past  20  years  Although  I  have  been  fortunate  enough  to  have  been  able 
o  see,  even  if  m  some  cases  only  from  the  railway  carriage  window  near 
y  all  the  types  described  in  the  following  pages,  it  has  offen  been  imposs 
ble  for  me  to  make  detailed  studies,  and  I  have  made  use  of  what  see^d 
o  me  the  most  suitable  accounts  and  lists  for  the  purpose  in  hand  rrerec 
live  of  their  source.  Types  which  I  have  not  seen  at  all  T  h,  ’•  T 

at  the  head  of  the  accounts  of  them,  and  these  accounts’  indicated 

entirely  compilations  of  information  from  the  available  sourm^ 

Working  Plans  generally  include  a  desrn'r»t;r.r.  c 

arc  concerned  with  and  give  lists  of  the  characteristic 
have  not  thought  it  necessary  to  include  references  to  ah  r  ^ 

list  of  references,  though  I  have  freely  utilised  them,  ke  sZll  of  !he 
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lists  of  species  taken  from  these  and  other  published  works  is  indicated  in 
each  case,  the  absence  of  mention  of  the  authority  implying  that  the  list  is 
from  my  own  notes  or  compiled  from  several  sources  including  my  own 
records. 

The  problems  of  identification  and  nomenclature  of  the  trees  and 
plante  mentioned  have  been  difficult  to  deal  with.  Particularly  in  the 
case  of  the  shrubs,  etc.,  some  mistaken  identifications  are  undoubtedly  in¬ 
cluded,  and  where  I  have  reason  for  doubt  I  have  sometimes  substituted 
“sp.”  for  the  doubtful  specific  name.  On  the  whole,  this  is  however  not 
an  important  matter,  as  the  mistakes  are  unlikely  to  be  misleading  and  at¬ 
tention  will  doubtless  be  drawn  to  them  permitting  of  correction  in  a  later 
revision.  Problems  of  synonymy  result  in  the  same  plant  appearing  in 
different  lists  under  different  names,  but  I  have  hesitated  to  make  changes 
when  quoting  from  others. 

The  account  of  the  Peninsular  and  Burma  subtropical  forest  types  is 
outstandingly  incomplete,  and  it  may  be  considered  advisable  to  drop 
them  out  when  this  pioneer  effort  is  revised.  One  of  the  chief  reasons  is 
their  relative  unimportance  in  forest  management  and  their  restricted 
occurrence. 

The  blocks  of  the  illustrations  used  in  this  Record  were  prepared 
more  than  a  year  before  the  letterpress  reached  its  final  form  and  so,  in  a 
few  instances,  the  name  of  the  type  on  the  plate  does  not  exactly  agree 
with  the  name  used  in  the  letterpress;  the  latter  is  to  be  taken  as  the  one 
recommended. 

The  courtesy  of  several  officers  who  have  allowed  me  the  use  of  their 
photographs  is  gratefully  acknowledged,  Mr.  A.  E.  Osmaston  in  particu¬ 
lar  having  provided  me  with  four  excellent  illustrations. 

This  classification  is  put  forward  as  the  best  I  can  do  at  present  from 
my  personal  acquaintance  with  the  forests  of  India  and  Burma  with  the 
help  of  the  published  literature  and  the  provincial  lists  referred  to.  I  am 
only  too  aware  that  it  is  open  to  all  manner  of  criticisms,  both  as  regards 
what  is  given  and  what  is  omitted.  The  classification  is  published  with 
the  definite  object  of  calling  forth  constructive  criticisms  which  will  enable 
some  one  to  revise  and  complete  the  much  needed  survey  as  soon  as  possi¬ 
ble;  if  it  succeeds  in  eliciting  this  criticism,  it  will  have  served  its  purpose. 


(xxiii) 

t 

I  wish  here  to  acknowledge,  with  many  thanks,  the  frequent  help 
given  me  by  Mr.  C.  E.  Parkinson,  Forest  Botanist  of  the  Forest  Research 
Institute,  particularly  in  reading  through  the  final  typescript;  also  the 
help  received  from  the  Provincial  Silviculturists. 


15th  April,  1935. 


H.  G.  CHAMPION, 
Silviculturist, 
Forest  Research  Institute 


GLOSSARY  OF  VERNACULAR  NAMES  AND  TERMS 


Babul  . 

• 

• 

• 

,  Acacia  arabica. 

Blue  pine 

• 

.  Pinus  wallichiana. 

Chir  pine 

* 

.  Pinus  roxburghii. 

Deodar 

• 

.  Cedrus  deodara. 

Khair  . 

• 

.  Acacia  catechu. 

Mulberry 

• 

.  Morus  indica. 

Oak 

• 

.  Quercus  sp. 

Sal  . 

• 

.  Shorea  robusta. 

Silver  fir 

• 

.  Abies  pindrow. 

Semal  . 

• 

.  Salmalia  malabarica. 

Sissu  . 

• 

.  Dalbergia  sissoo. 

Spruce 

• 

Picea  smithiana. 

Teak  . 

• 

Tectona  grandis. 

Bhabar 

« 

.  Deep,  dry  boulder 

21  km.  in  U.P.;  365  m.  at  base  of  hills 
sloping  down  to  240  m.  at  the  outer 
limit)  skirting  the  base  of  outermost 
Himalayan  hills. 


Damar 


Dun 


Tarai  . 


Elevated  river  terraces,  generally  consist¬ 
ing  of  boulder  deposits  overlain  by  more 
or  less  deep  porous  loam,  flat  or  slightly 
sloping,  along  the  chief  river  valleys  (45 
to  60  m.  above  the  level  of  the  stream). 
Also  locally  {thaplas)  at  the  base  of  the 
outer  Himalayan  or  Siwalik  hills. 

Broad  elevated  valley  (cir.  600  m.j  within 
the  outer  ranges  of  the  Himalayan  and 
Siwalik  hills.  The  best  known  is  Dehra 
Dun  lying  between  the  Siwalik  hills  and 
the  Himalayas  proper. 

Swampy  belt  below  the  bhabar  (max.  width 
13  km.  in  U.P.,  sloping  gently  from 
240  m,  to  200  m.  at  outer  limit).  (Under¬ 
ground  streams  flowing  through  the 
bhabar  deposits  emerge  as  springs  at  the 
commencement  of  the  tarai). 
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ABBREVIATIONS 


The  following  floristic  groups  have  been  usually  differentiated  . 

I  —  Top  canopy  trees. 

II  —  Second  storey  trees. 

I  la  —  Bamboos. 

III  —  Shrubs. 

IVa  —  Herbs. 

IVb  —  Grasses. 

V  —  Climbers. 

Epi.  —  Epiphytes. 

Par.  —  Parasites. 

♦Against  a  plant  name  implies  that  the  species  is  particularly  characteristic  of  the 
type.  The  following  abbreviations  have  been  used  J 


E 

— 

Evergreen. 

D 

— 

Deciduous. 

(va) 

— 

very  abundant. 

(a) 

— 

abundant. 

(f) 

— 

frequent. 

(c) 

— 

common. 

(o) 

— 

occasional. 

(r) 

— 

rare. 

(la) 

— 

locally  abundant. 

(Ic) 

— 

locally  common. 

S.P. 

— 

Sample  Plot. 

PP. 

— 

Preservation  Plot. 

L.I.P. 

— 

Linear  Increment  Plot: 
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CHAPTER  I 

INTRODUCTORY 


Reasons  for  classification 

The  need  for  classification  of  material  for  the  understanding  of  inter-relationships 
and  fundamental  principles  involved  is  recognized  in  all  branches  of  science.  In  an 
applied  science  such  as  forestry,  this  need  is  emphasized  by  the  general  experience  that 
most  of  the  techniques  devised  for  directing  or  controlling  the  development  of  a  forest 
are  only  applicable  within  a  limited  range  of  conditions  and  forest  “type”.  It  therefore 
becomes  important  that  a  classification  should  be  available  as  a  standard  of  reference 
for  research  workers  and  practitioners,  both  to  facilitate  application  of  advances  in  know¬ 
ledge  and  to  minimize  waste  from  wrong  application.  The  extent  to  which  the  provi¬ 
sional  classification  here  under  revision  has  been  used  is  in  itself  an  acknowledgement  of 
this  need. 

Definition  of  “Forest  Type” 

For  the  purpose  of  this  memoir  a  forest  type  may  be  defined  as  a  unit  of  vegetation 
which  possesses  (broad)  characteristics  in  physiognomy  and  structure  sufficiently  pro¬ 
nounced  to  permit  of  its  differentiation  from  other  such  units.  This  is  irrespective  of 
physiographic,  edaphic  or  biotic  factors.  It  is  selected  in  the  first  place  subjectively 
from  the  ever-varying  cover  of  vegetation,  with  boundaries  arbitrarily  imposed  on  what 
are  in  fact  gradual  changes  (dines  or  continua).  Since  these  forest  types  have  a  bearing 
on  the  practice  of  scientific  forestry,  and  practical  utility  is  indeed  the  main  reason  for 
distinguishing  them,  necessarily  greater  importance  is  placed  on  the  main  tree  layeis 
or  on  the  most  emergent  vegetation.  Distinctions  based  on  shrub  and  ground  flora, 
characteristic  of  much  recent  ecological  work  on  the  vegetation  of  India,  have  necessarily 
been  given  a  subordinate  place. 

The  major  type-groups  are  subdivided  into  types  on  a  geographic  basis  since  a 
recognizable  type-group  varies  somewhat  with  locality  owing  to  differences  in  floristics 
and  minor  variations  in  climate  and  site  occurring  within  the  range  associated  with  each 
group- type  as  a  whole. 

Units  which  are  clearly  associated  with  a  flefinile  site  factor  and  differ  appreciably 
from  the  prevalent  type  of  the  surrounding  area  are  referred  to  as  edaphic  types  (E).  In 
using  this  term  no  exclusive  emphasis  is  intended  on  the  special  physical  or  chemical 
properties  of  the  soil  mantle  as  such  ;  on  the  other  hand  it  is  felt  that  the  sum  of  the  dis¬ 
tinctive  features  of  the  site  whether  caused  in  the  main  by  micro-topographic,  micro¬ 
climatic  or  moisture  and  drainage  factors,  affect  the  vegetation  to  an  extent  rendering 
it  advisable  to  differentiate  it  from  the  typical  form  believed  to  be  primarily  determined  by 
climatic  factors.  One  easily  recognized  group  of  such  types,  those  occurring  in  permanent¬ 
ly  or  periodically  wet  sites,  are  separately  treated  as  SWAMP  TYPES  (to  which  is  append¬ 
ed,  for  convenience  only,  the  littoral  forest  type  occurring  on  coastal  beaches). 
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In  giving  names  to  types,  terms  implying  site  conditions  have  been  avoided  as  far 
as  possible,  but  to  avoid  circumlocution  or  the  use  of  words  too  long  or  technical  for 
general  convenience,  the  qualifications  wet,  mow/ and  dry  have  been  admitted,  implying 
that  the  vegetation  has  the  appearance  commonly  associated  with  different  degrees  of 
moisture  availability. 

Similarly,  taxonomic  terms  have  been  excluded  from  the  name  of  type?  wherever 
possible,  but  as  most  authors  have  found,  certain  species  or  higher  taxads,  such  as  bamboos, 
palms  or  pines,  have  a  characteristic  form  which  they  impose  on  the  communities  which 
they  dominate,  and  we  lack  a  simple  morphological  term  which  might  be  substituted 
for  the  taxonomic  one. 

The  same  principle  has  been  followed  in  naming  subtypes  and  lower  ranks,  but  the 
family,  genus  or  even  the  specific  name  of  conspicuous  dominants  has  been  more  freely 
used,  e.g.  Mesua  forest,  pine  forest  and  even  ban  oak  forest.  In  a  few  cases,  where  the 
subtype  differentiated  appears  to  be  the  same  as,  or  closely  to  resemble,  the  ecologist’s 
‘association’,  the  practice  of  designating  it  by  two  or  more  dominant  genera  has  been 
followed,  though  usually  only  as  a  sub-title, e.g.  Submontane  semi- evergreen  forest  (Schima 
Bauhinia).  As  an  example  of  the  existing  diversity  of  nomenclature  may  be  quoted  a 
generally  recognized  forest  type  variously  described  as  the  Laurus-Melia  hylium  (though 
neither  genus  occurs  in  it  despite  predominance  of  Lauraceae  and  Meliaceae),  the  Cinnamo- 
mu  n-Am?ora  ass>ciation.  Mixed  evergreen  forest,  and  Assam  valley  semi-evergreen  for¬ 
mation.  We  are  proposing  to  name  this  as  a  Sub-Himalayan  subtype  of  the  Tropical 
semi-evergreen  forests. 

It  has  to  be  emphasized  that  in  the  big  majority  of  cases,  especially  those  of  a  climax 
status,  there  are  no  sharp  boundaries  between  adjoining  types.  There  is  normally 
a  transition  zone  or  ecotone  (see  Plate  70)  which  may  be  of  any  width  and  is  sometimes 
quite  extensive.  This  is  evidently  intimately  linked  with  the  sharpness  or  otherwise  of 
changes  in  the  complex  of  factors,  climatic,  edaphic,  physiographic  or  biotic,  which  deter¬ 
mine  the  occurrence  of  the  type.  In  practice,  there  is  a  natural  tendency  to  delimit 
types  in  a  given  area  in  such  a  way  as  to  allocate  as  small  a  proportion  of  the  gross  area  as 
possible  to  transitional  status.  As  the  same  transition  of  site  factors  and  vegetation  may 
elsewhere  be  widely  drawn  out,  perhaps  at  the  expense  of  the  conditions  and  vegetation 
selected  as  a  type,  the  method  is  illogical  and  may  render  comparison  with  other  areas 
imoossible,  but  it  has  such  advantage  in  local  land  use  practice  that  it  is  generally  adopted 
in  forestry  and  agriculture. 

Collection  of  data  for  classification  of  types 

DANSERE.MJ  (195O  has  developed  an  elaborate  method  of  recording  the  features 
of  vegetation  using  a  variety  of  symbols.  The  use  of  such  methods  facilitates  compari¬ 
sons  and  mapping. 

The  very  useful  technique  of  the  Profile  Diagram  introduced  by  RICHARDS  (1933) 
has  been  widely  adopted.  Its  limitations  are  the  initially  subjective  choice  of  the  small 
sample  and  the  demands  it  makes  on  time  though  this  can  be  reduced  with  some  loss  of 


Introductory 

precision  by  making  the  dTtTwTs  published  in  1939  by 

A  still  very  useful  method  of  recording  the  necessary  ua  y 

RICHARDS,  TANSLEY  and  WATT. 


Criteria  for  classification  of  forest  types 

It  should  first  he  noted  that  a  classification  of  vegetation  may  be  needed  for  several 
different  purposes  and  the  most  suitable  and  convenient  classification  will  vary  v,ith  the 
porpi^e.  Thus  big  scale  mapping  and  small  scale  mapping  have  different  requirements 
whilst  general  land  use  planning  and  forest  management  planning  require  different 
approaches.  The  purely  scientific  study  of  vegetation  whether  static  or  dynamic  again 

calls  for  other  methods. 


It  will  be  agreed  that  any  classification  should  be  as  objective  as  po^ible,  inde¬ 
pendent  of  speculation  as  to  past  history  or  future  development.  Correlations  should 
be  observed  but  not  accepted  as  causal  without  adequate  evidence. 


There  are  two  main  approaches  to  classification  of  vegetation,  viz-,  the  breaking 
down  of  the  existing  complex  into  successively  smaller  categories,  and  the  building  up 
from  the  smallest  recognizable  units  into  successively  higher  ranks.  The  latter  method 
is  very  familiar  in  the  standard  taxonomic  classification  of  plants  from  species  to  genera, 
to  families  and  still  wider  groups.  However,  in  applying  this  method  to  plant  communi¬ 
ties  there  at  once  arises  the  difficulty  of  finding  a  basic  unit  as  definite  and  definable 
as  a  species.  The  method  has,  however,  been  adopted  by  the  Braun-Blanquet  school  of 
ecologists  and  has  a  wide  vogue  in  the  temperate  zone  where  the  flora  is  simple  as  com¬ 
pared  with  the  tropics  and  is  well  known,  and  where  moreover,  for  historical  reasons, 
habitats  and  communities  are  usually  more  sharply  delimited.  By  general  agreement, 
although  plant  communities  such  as  associations  can  often  be  differentiated  after  close  study 
of  a  limited  area  of  tropical  forest,  our  knowledge  is  far  too  incomplete  to  make  this 
method  generally  applicable  at  present.  This  method  has,  however,  been  used  by  BEARD 
(1944,  1955)  in  his  classification  of  tropical  vegetation. 


Plant  association 

The  ecologists’  basic  unit  for  plant  communities,  the  association,  has  been  defined 
as  “the  largest  floristic  unit  consisting  of  a  definite  assemblage  of  species  (usually  with 
definite  dominants)  and  a  definite  habitat”  and  as  being  characterized  by  its  definite 
floristic  composition,  life  form,  structure  and  habitat  (after  TANSLEY  and  CHIPP, 
1926).  Alternatively  it  has  been  defined  (BURTT-DAVY,  1938)  as  a  community  of 
definite  floristic  composition  within  a  formation — which  latter  is  defined  on  physiognomy 
not  on  floristics.  The  associations  of  temperate  forests  tend  to  be  dominated  by  a  few  or 
only  one  species  (consociations)  whereas  tropical  forests  with  their  richer  flora,  above 
all  in  the  moister  more  luxuriant  types,  typically  have  mixed  associations  with  many 
dominants  all  seemingly  equally  adapted  to  the  site.  The  “types”  differentiated  in  this 
monograph  agree  with  the  ‘formations’  of  most  ecological  writers.  The  first  breakdown 
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is  mostly  to  geographical  subdivisions  of  the  formation.  Some  of  the  subtypes  ultimately 
described  have  the  status  of  associations  whilst  other  are  undoubtedly  groups  of  associa¬ 
tions  not  yet  studied  in  enough  detail  for  further  analysis.  In  the  montane  types,  conditions 
approach  those  of  the  northern  temperate  forests  so  that  they  can  be  described  in  the  same 
way  in  terms  of  associations  of  one  or  few  dominants  with  the  well  established  sub¬ 
sidiary  floristic  units  of  societies  etc. 

The  alternative  method  presents  one  with  the  problem  as  to  the  criteria  to  be  used 
in  dividing  up  the  vast  range  of  forms  of  vegetation  that  is  met  with.  An  excellent  review 
of  the  possibilities  has  been  put  forward  by  FOSBERG  (1958)  taking  into  account  the 
proposals  of  BURTT-DAVY  (1938)  and  BEARD  (1944),  as  well  as  those  of  the  pioneers 
beginning  with  SCHIMPER  (1905),  MAYR  (1909)  and  RUEBEL  (1930).  The  pos¬ 
sible  bases  for  classification  are  at  least  seven,  viz-,  (i)  Physiognomy,  (2)  Structure, 
(3)  Function,  (4)  Floristics,  (5)  Dynamics,  (6)  Environment  and  (7)  History.  By 
“function”  is  meant  here  the  morphological  characteristics  which  seem  to  indicate  ad¬ 
justment  to  environment.  Practical  difficulties  arise  in  attempts  to  draw  up  a  scheme  based 
on  only  one  of  these  aspects,  though  apparent  inconsistencies  are  often  traceable  to 
nomenclature  as  mentioned  above  in  connection  with  the  naming  of  types. 

Physiognomy  provides  an  easy  basis  for  a  rough  differentiation  of  very  broad  categories 
and  has  been  used  to  some  extent  by  most  writers  including  SCHIMPER.  It  is  ordina¬ 
rily  taken  to  include  characters  such  as  evergreen  or  deciduous  habit  and  such  structural 
or  functional  features  as  are  associated  with  very  dry  {xeromorphic)  or  very  wet  {hydro- 
morphic)  sites. 

Shuclioe  covers  stratification,  dimensions,  especially  height  and  spacing.  FOSBERG 
uses  spacing  as  his  starting  point,  followed  by  height.  RICHARDS  and  others  give  con¬ 
siderable  prominence  to  the  number  of  strata,  though  this  is  often  difficult  to  determine 
conclusively. 

Function  as  mentioned  above  is  taken  here  to  cover  the  common  morphological  char¬ 
acters  of  the  species  occurring  together,  some  being  evidently  related  to  site  conditions, 
e.g.  RAUNKIAER’s  (1934)  life  forms.  Buttressing,  bark  form,  leaf  size  and  cauliflory 
provide  other  examples.  Combined  with  structure,  this  criterion  has  been  most  widely 
used  by  foresters. 

Floiistics. — The  taxonomist  tends  to  prefer  this  basis  as  most  objective  and  definite, 
but  apart  from  difficulties  of  identification,  it  obscures  the  relationships  between  the 
vegetation  of  different  floristic  regions.  Opinion  varies  as  to  the  use  of  the  factors  of 
composition  such  as  frequency  and  constancy  for  defining  or  identifying  types.  However, 
floristic  characters  are  useful  for  designation  of  subordinate  units  within  a  type,  and  are 
often  used  (as  here)  for  the  ultimate  units  of  classification. 

Dynamics. — It  is  generally  admitted  that  all  or  nearly  all  vegetational  types  are  al¬ 
ways  changing,  even  if  only  very  slowly.  Their  presence  and  growth  reacts  on  the  soil 
and  (at  least)  the  microclimate  and  the  reaction  continues  to  be  mutual.  Even  when  an 
equilibrium  appears  to  have  been  reached,  it  only  applies  to  the  community  as  a  whole, 
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not  to  individual  parts  of  it.  The  use  of  this  criterion  involves  the  applicaUon  of  some  part 
of  the  CLEMENTIAN  (1916)  theory  of  plant  succession  and  vegetation  climax.  In 
general,  ft  has  been  found  necessary  to  differentiate  types  which  arc  known  or  believed 
to  have  been  considerably  modified  by  biotic  influences,  and  also  those  that  are  demons¬ 
trably  changing  within  a  moderate  period  of  time  (say  measurable  in  decades).  The 
relatively  stable  remainder  are  viewed  as  "climax’  types,  and  it  is  unimportant  for  forestry 
purposes  whether  the  climax  condition  is  determined  primarily  by  clinfcate,  or  by  site  and 
climate  combined.  This  should  not  be  taken  as  necessarily  implying  an  unreserved  ac¬ 
ceptance  of  the  CLEMENTIAN  concept  of  climax;  on  the  other  hand  it  should  be  taken 
to  mean  a  discrete,  and  to  some  extent  arbitrary,  subdivision  of  the  prevailing  climax 
pattern  (WHITTAKER,  1953)  or  continuum. 

Habitat. — Whilst  climatic  and  soil  moisture  factors  are  part  of  nearly  all  classifications, 
no  classification  has  yet  been  put  forward  based  solely  on  habitat  factors.  It  would  more¬ 
over  appear  unsound  to  erect  a  classification  based  entirely  on  factors  other  than  those  of 
the  vegetation  itself.  In  fact  the  use  of  both  groups  of  criteria,  those  relating  to  the  en¬ 
vironment  and  those  deduced  from  the  nature  of  the  vegetation  would  appear,  to  some 
extent,  to  be  essential  for  the  purpose  of  evolving  a  usable  and  practical  classification. 
Since  they  are  largely  complementary,  it  is  perhaps  unnecessary  ‘purism’  to  attempt 
to  exclude  either  of  them  from  a  functional  classification.  Climatologists  and  pedologists 
have  thus  often  found  it  convenient  to  classify  climate  and  soil  in  part  on  the  vegetation 
associated  with  it,  and  there  is  no  doubt  that  duly  cautious  acceptance  of  this  association 
is  useful  in  practice  and  greatly  simplifies  nomenclature.  The  nature  of  the  soil  and  the 
reactions  between  it  and  the  vegetation  it  supports,  obviously  play  an  important  role 
but  except  in  the  most  pronounced  cases  such  as  limestone  or  quartzite,  heavy  clay  or 
blown  sand,  are  too  complex  and  difficult  to  assess  to  be  of  great  assistance.  Though  im¬ 
portant  in  theory,  it  is  immaterial  in  practice  whether  the  soil  itself  is  “mature”  and  in 
equilibrium  with  the  climate  or  not,  provided  it  and  the  vegetation  are  stable  over  the 
period  of  the  time  suggested. 


A  further  point  to  be  noted  when  climatic  and  other  site  factors  are  under  consi¬ 
deration  is  that  many  of  them  are  interrelated  in  such  a  way  that  a  high  level  of  one 
may  counterbalance  in  its  effects  a  low  level  of  another;  thus  a  more  retentive  soil  or  a 
lower  temperature  may  compensate  for  greater  aridity  of  general  climate. 


Physiography  is  patently  important  in  the  occurrence  and  distributi,  n  of  forest  types 
T  le  immediate  effect  is  that  of  climate,  and  if  climate  differences  are  dominant  then  those 
(m  temperature  rainfall,  radiation  and  light)  between  a  steep  southern  si.  pe  and  a  gentle 
northern  slope,  both  at  the  same  altitude,  will  be  expected  to  determine  the  presence  of 
the  different  forest  types  (alternes)  associated  with  those  different  climatic  regimes 
tiorofTe'’cHm\t^^  vegetation  is  the  best  and  usually  the  only  obtainable  indica' 


History.  Whereas  the  history  .  fa  site  and  the  vegetation  on  it  are  often  of  the  greatest 
be  H  present  condition  and  potentialities,  so  that  it  should  alwavs 
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CHAPTER  II 

FACTORS  DETERMINING  FOREST  TYPES 

» 

The  type  of  vegetation  met  with  in  a  given  locality  depends  on  the  climate,  the  soil 
and  the  past  treatment,  so  that  a  study  of  these  three  factors  is  essential  to  an  under¬ 
standing  of  the  variations  encountered  and  the  interrelationships  of  the  types  which  it 
is  found  convenient  to  differentiate.  These  three  main  factors  are  far  from  being  mutually 
independent,  but  they  are  better  considered  separately  in  the  first  place  before  their  joint 
effects  are  examined.  Topographical  situation  in  respect  of  altitude,  slope  and  aspect 
makes  itself  felt  through  its  influence  on  local  climate  and  soil. 

(a)  Climate  in  Relation  to  Forest  Type 

TEMPERATURE  is  the  most  obvious  factor  of  climate.  It  can  be  broadly  related  to 
latitude  giving  a  rough  differentiation  into  four  zones  : — 

(1)  Tropical. — ^Very  hot  and  winterless. 

(2)  Subtropical. — Hot  with  a  cool  winter. 

(3)  Temperate. — With  a  warm  summer  and  a  pronounced  winter. 

(4)  Arctic. — ^With  a  short  summer  and  long  severe  winter. 

It  is  however  obvious  that  no  hard  and  fast  lines  can  be  drawn,  and  that  the  relation 
of  climate  to  latitude  is  so  greatly  influenced  by  other  factors,  mainly  by  the  distribution 
of  land  and  sea,  by  altitude,  by  prevailing  winds  and  ocean  currents  and  by  their  indirect 
effects,  that  it  is  necessary  to  substitute  suitable  temperature  ranges  for  latitude  to  make 
such  a  classification  of  any  practical  value.  It  is  also  evident  that  no  single  temperature 
figure  such  as  mean  annual  temperature  will  meet  requirements,  as  temperature  range 
must  also  be  taken  into  account.  Attempts  to  express  numerically  the  temperature  cha¬ 
racteristics  of  a  climate  bring  the  realisation  that  the  factors  having  the  greatest  influence 
are  different  at  the  two  ends  of  the  scale,  so  that  at  the  colder  end,  the  period  during 
which  the  temperature  is  high  enough  to  permit  plant  growth  is  of  predoimnating  im¬ 
portance,  whilst  at  the  hotter  end,  it  may  be  the  existence  or  extent  of  a  period  cool  enough 
for  growth  to  be  stopped  or  slowed  down.  It  is  for  this  reason  that  the  extensive  European 
and  N.  American  studies  of  the  subject  are  of  such  limited  value  for  India. 

S^3''SEixamining  the  temperature  data  for  India,  for  which  the  official  Climatological  Atlas 
and  "the  Climatological  Tables  of  Observatories  in  India  summarise  all  that  are  essential,  it  is 
found  that  the  mean  annual  temperature  exceeds  24°  G  over  the  whole  country  with 
the  exception  of  the  hill  areas  and  the  extreme  North-West.  Variation  with  latitude  is 
almost  completely  obscured  by  other  factors,  though  in  the  Indo-Gangetic  plain  there  is 
roughly  a  fall  of  0-75°  G  for  each  1°  N  Latitude.  In  striking  contrast  with  the 
irregularity  in  mean  annual  temperature  is  the  temperature  distribution  in  the  winter 
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^  T  rrnresentative.  The  mean  maximum  isotherms  then  run  very 

months,  Jsnuary^^t  northern  half  of  the  country;  the  variation  for  I* 

Sde  being  about  0-75"  C.  The  .8”  C  isotherm  for  January  roughly  follows  the 

Tropic  of  Cancer. 


On  this  primary 

basis  of  temperature, 

India  may  be  divided  up 

as  follows  : 

Zone 

Mean  annual 
temperature 

Mean  January 
temperature 

Winter 

I.  Tropical 

.  Over  24°C 

Over  i8°G 

None  ;  no  frost. 

II.  Subtropical  . 

.  i7°to24°G 

10*  to  i8*G 

Definite  but  not 

severe;  frost  rare. 

III.  Temperate 

.  7°  to  i7'’G 

— I®  to  lo'G 

Pronounced,  with 

frost  and  some 

snow. 

IV.  Alpine 

.  Under  7°G 

Under  — t°G 

Severe,  with  much 
snow. 

Such  a  classification  will  obviously  result  in  certain  localities  falling  in  one  zone  on 
January  temperature  but  in  another  on  mean  annual  temperature;  thus  Jodhpur  is 
subtropical  on  the  former  criterion  and  tropical  on  the  latter.  The  vegetation  itself  will 
then  indicate  to  which  it  more  properly  belongs. 


Effect  of  altitude. — From  the  known  relation  between  latitude  and  temperature,  the 
upper  altitudinal  limits  of  the  zones  might  be  expected  to  fall  considerably  higher  in 
Peninsular  India  than  in  the  Himalayas,  but  for  a  variety  of  reasons  this  is  not  very 
noticeable.  Thus  a  mean  annual  temperature  of  17°  G  is  experienced  in  the  Nilgiri  Hills 
at  about  1,830  m.,  in  the  West  Himalayas  at  about  1,700  m.,  and  in  Assam  at  1,500  m. 

The  corresponding  figures  for  a  January  temperature  of  10°  G  are  :  Nilgiris _ 2,150 

m..  West  Hinaalayas — 1,600  m.  and  Assam — 1,500  m.  The  extremely  small  range  of  the 
monthly  means  in  the  Nilgiris  (12-5°  to  15-7°  G  only)  is  of  course  an  influential  factor 
in  this  connection.  The  subtropical  zone  should  take  in  the  great  Indo-Gangetic  plain 
running  up  over  the  plateaux  and  lower  hills;  it  should  be  divisible  in  a  general  way  into 
warmer  lowland  and  cooler  hill  sub-zones,  but  in  India  the  former  has  so  much  in  com- 
mon  with  tne  tropical  as  to  render  joint  consideration  a  necessary  course.  The  temperate 
and  alpine  zones  are  only  met  with  in  India  in  the  higher  hills. 


The  effect  of  altitude  varies  with  conditions,  a  rise  in  the  hills  of  270  m.  correspond 
mg  on  the  average  to  a  fall  of  1°  G  in  mean  temperature  upto  about  1,500  m  fBLANH 
FORD),  above  whRh  the  fall  is  more  rapid.  In  geoeral.  this  fall  is  also  more  pronorced' 
on  the  lee  side  of  hills  than  on  the  windward  side;  thus  it  is  reported  to  be  1°  G  for  100  m 
rise  on  the  west  side  and  122  m.  on  the  east  side  of  the  Nilgiris,  and  it  may  also  be  noted 
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tliat  towards  the  north,  the  rate  of  fall  is  much  more  rapid  in  summer  than  in  winter 
perhaps  10  per  cent  above  and  below  the  mean  respectively  (this  difference  amounts  to 
20  per  cent  in  Europe). 

Ranees  of  temperature. — It  does  not  appear  that  diurnal  range  has  much  effect  on  ve¬ 
getation  provided  tolerable  limits  are  not  overstepped.  The  range  over  the  country  as 
a  whole  is  about  10  C  in  January  and  July,  but  20°  G  in  April  and  October,  increasing 
in  a  N.W.  direction  from  the  East  Coast. 


Extremes  of  temperature. — The  maximum  temperatures  recorded  appear  never  to  reach 
a  level  critical  for  plant  survival  but  the  minimum  is  of  undoubted  importance.  Few 
if  any  of  the  trees  of  the  wet  ti-opical  forest  can  survive  frost  and  the  indications  are  that 
many  tropical  trees  are  weakened  if  not  killed  by  low  temperature  not  actually  down  to 
freezing.  However,  although  trees  and  their  regeneration  may  be  killed  back  in  part  or 
to  the  ground  (by  exceptionally  high  or  exceptionally  low  temperatures),  this  does  not 
necessarily  kill  them  out  or  even  pievent  their  forming  an  important  or  even  dominating 
part  of  the  vegetation.  Thus  both  sal  and  teak-bearing  forests  occur  extensively  in  areas 
and  on  sites  where  they  suffer  periodically  from  frost.  Although  biotic  factors  may  be  in¬ 
volved,  the  principal  adverse  climatic  factor  is  undoubtedly  frost.  Where  the  frost  is  a 
relatively  shallow  ground  frost  the  sensitive  regeneration  may  be  protected  by  the  over¬ 
wood,  provided  it  is  dense  enough,  and  conversely,  clearings  or  heavy  thinnings  may  re¬ 
sult  in  frost  incidence  where  formerly  there  was  none. 

It  may  be  noted  that  killing  frosts  may  only  occur  at  long  and  irregular  intervals  as 
is  well-known  for  sal  in  U.  India,  the  cold  weather  of  1904/5  being  notorious  in  this  res¬ 
pect  (OSMASTON,  1926). 

Temperature  cycles. — .Analyses  have  been  made  by  climatologists  to  see  if  any  cyclic 
recurrences  exist  in  temperature  data,  but  no  statistical  basis  for  such  an  assumption  has 
been  found  (PR.WI.ANIK  and  JAGANNATHAN,  i953)" 


R..AINF.ALL. — .Asregaids  tDtal  an.nual  rainfall,  India  exhibit*  an  extremely  wide 
range  of  conditions  from  less  than  150  mm.  in  the  Thar  desert  to  nearly  5,000  mm. 
locally  in  the  Khasi  hills  of  Assam.  Precipitation  over  2,500  mm.  is  met  with  in  three 
different  parts  of  the  country,  viz-,  W.  Ghats,  N.  Bengal  and  Assam,  and  locally  in 
the  W.  Himalayas  as  at  Dharmsala. 


Total  annual  fall  may  be  an  important  factor  in  determining  the  nature  of  the  vege¬ 
tation,  but  its  seasonal  distribution  exerts  an  equally  far-reaching  influence.  Except  for 
the  innermost  parts  of  the  Himalayan  ranges  and  the  North-West  corner  of  the  country 
where  rain  and  snow  brought  by  winter  disturbances  from  the  North-West  contribute  an 
important  part  of  the  total  fall,  practically  the  whole  rainfall  in  India  occurs  during  the 
summer  to  autumn  monsoon  period.  This  rainy  season  varies  in  duration  with  a  general 
increase  from  N.  W.  to  E.  and  S.  E.  so  that  Upper  Assam  experiences  the  shortest  dry 
period  and  the  North-West  the  longest.  If  months  with  less  than  50  mm.  average  l^aJl 
are  considered  to  be  dry,  the  first  mentioned  get  3  dry  months  and  the  last  9  or  more  ry 
months.  The  length  of  the  dry  season  thus  defined  15  indicated  in  Map  2. 
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Within  the  monsoon  period,  there  is  one  rather  important  variation  in  that  the 
lower  parts  of  the  S.E.  of  the  peninsula  (on  the  Carnatic  coast)  get  relatively  little  rain 
during  the  usual  S.W.  monsoon  period  from  June  to  September,  but  most  of  their  rain¬ 
fall  from  the  retreating  or  N.E.  monsoon  in  October-Noveniber.  This  has  resulted  in 
the  differentiation  of  a  special  type  of  evergreen  vegetation  not  met  with  elsewhere 
in  the  country  (but  very  characteristic  of  N.  and  E.  Ceylon).  The  lengthening  of  the  moist 
season  where  the  effect  of  both  rainy  periods  is  felt  also  influences  the  vegetation,  as  in 
the  Nilgiris  and  the  E.  Ghats  as  far  north  as  the  Kalahandi  hills  in  Central  Orissa. 


It  would  be  anticipated  that  the  value  to  vegetative  growth  of  a  given  fall  of  rain  would 
be  appreciably  influenced  by  the  period  over  which  it  is  spread,  both  in  the  rains  period 
proper,  and  as  a  function  of  the  number  of  days  in  the  year.  This  is  borne  out  by  expe¬ 
rience,  so  that  other  conditions  l>eing  equal,  the  minimum  fall  necessary  for  the  develop¬ 
ment  of  a  given  type  increases  with  increasing  length  of  the  dry  period., This  effect  appears 
to  be  less  marked,  the  more  xerophytic  the  type  considered,  and  most  pronounced  for 
the  types  requiring  the  highest  rainfall.  There  is  also  a  less  perceptible  correlation  with 
number  of  rainy  days  reflecting  the  distribution  of  precipitation  within  the  rainy  season. 


TEMPERATURE  AND  RAINFALL  TOGETHER. — If  the  same  length  of  dry 
period  is  e.xperienced,  it  appears  that  a  rather  greater  rainfall  is  required  with  a  lower 
temperature  than  a  higher  one  to  permit  of  the  development  of  a  given  type,  at  least  for 
the  pronouncedly  mesophytic  types.  Well  developed  wet  evergreen  forest  occurs  in  the 
Western  Ghats  with  2,500  mm.  rainfall  and  a  5  months  dry  season,  but  not  with  the  same 
amount  and  distribution  of  rainfall  in  the  cooler  N.  Bengal,  though  it  occurs  in  equally 
cool  Assam  with  only  3  months  dry.  The  factors  involved  however  are  so  complex  and  the 
data  so  incomplete  that  precise  correlation  is  impossible  at  present. 


EVAPORATION.  For  plant  life,  available  moisture  is  of  critical  importance.  Of 
tie  total  precipitation,  a  part  is  lost  to  the  vegetation  by  interception  on  the  aerial  parts 
of  the  vegetative  cover,  a  part  by  run-off  depending  on  topography,  soil,  and  duration 
and  intcnsit)  of  the  rainfall,  a  part  by  downward  percolation  through  the  soil  beyond 
the  reach  of  the  roots,  and  a  part  by  evaporation.  ^ 

From 

wettened  surfaces  must  reduce  trfLnirafr  f  of  intercepted  rainfall  from 

tain  both  processes.  ^  unless  the  incident  radiation  is  enough  to 


sus- 


^  of  rai„fal,  b„. 

tion  is  regulated  mainly  bv  temneraf  /  acceptable  approximations.  Evapora- 

i.  also  aL.a  by  sa«  ”  raoRNraWA^ 

Precipitation  Effectiveness  Index  (PE)  ie  th.  ^'938)  has  worked  out  a 

of  rainfall  fnd  .emportruL  ’  ’  ° 
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BHARUCHA  and  SHANBHAG  (195?)  that  a  good  approximation  for  eva¬ 
poration  is  obtainable  from  known  values  of  barometric  pressure,  relative  humidity  and 
wind  velocity,  so  that  the  Precipitation/Evaporation  or  P/E  ratio  can  be  determined. 
They  also  derive  a  correlation  between  P/E  and  the  number  of  rainy  days  (D)  given  by 
the  formula  : 


P/E  =  '0650  +  *004702 


It  will  be  noted  later  that  the  main  forest  types  of  India  fall  very  fairly  within  the  ranges 
of  P/E. 


EVAPOTRANSPIRATION. —  THORNTHVVAITE  (1948)  later  developed  a  new 
approach  paying  more  attention  to  the  role  of  the  moisture  stored  in  the  soil  and  the 
energy  relations  involved  in  both  evaporation  and  transpiration,  now  generally  referred 
to  as  evapotranspiralion.  As  actual  values  cannot  easily  be  determined,  the  standard  adopted 
was  the  potential  evapo transpiration  (PE)  which  is  the  value  that  would  be  attained  from  a 
vegetation  covered  surface  if  moisture  remained  in  adequate  supply.  Perhaps  surprisingly 
it  is  argued  that  it  should  make  little  difference  whether  the  vegetation  is  grassland  or 
forest.  It  may,  however,  be  pointed  out  that  there  are  conflicting  views  regarding  potential 
evapotranspiration.  Much  experimental  evidence  has  been  brought  forward  that  evapo- 
transpiration  does  vary  with  climate,  plant  and  soil  type,  although  it  appears  that  the 
effects  of  crop  morphology  on  evapotranspiration  rates  are  not  large  and  that  meteoro¬ 
logical  factors  play  a  dominant  role,  where  soil  moisture  is  not  limiting  (PELTON,  1961)- 
Potential  evapotranspiration  is  estimated  by  THORNTHWAITE  from  mean  tempe¬ 
rature  and  day  length  (or  Latitude),  the  latter  being  a  measure  of  radiation  or  albedo. 
Knowing  PE  and  Precipitation,  it  is  simple  to  work  out  geographically  and  statistically  the 
moisture  available  for  recharging  the  soil  month  by  month,  the  amount  that  will  be  with¬ 
drawn,  so  that  each  month  will  show  a  surplus  (s)  or  deficiency  (d)  of  water  needed  for 
evaporation.  Annual  values  for  s,  d;  and  PE  can  be  obtained  as  totals  of  the  monthly 
figures  and  a  Moisture  Index  calculated  from  an  empirical  formula  (see  THORNTHWAITE 

et  al,  1955  and  1957). 


It  is  apparent  over  most  of  tropical  India,  that  the  length  (usually  expressed  in  months) 
of  the  dry  season{_s)  is  very  influential  on  the  type  of  vegetation  found.  This  factor  has 
received  special  attention  from  GAUSSEN  (1957)  and  his  collaborateurs.  The  effect  of 
temperature  is  allowed  for  by  varying  the  limiting  rainfall  for  a  month  to  be  counted  as 
dry  by  the  mean  temperature,  e.g.,  less  than  75  mm.  when  mean  monthly  temperature  is 
above  30"  C,  and  less  than  50  mm.  for  MMT  of  20-30°  C.  He  then  plots  monthly  values  of 
T  and  P  (rainfall)  together,  using  a  rainfall  scale  in  mm.  twice  that  of  temperature  centi- 
irrade.  In  a  wet  climate  such  as  Coonoor,  the  P  curve  is  entirely  above  the  T  cui-ve;  in  a 
verv  dry  climate  the  converse  will  hold;  in  most  Indian  climates  the  curves  interse«  m 
two  or  more  places,  indicating  periods  of  excess  and  deficit.  The  number  of  physiologica  y 
dry  days  each  month  is  obtained  by  making  appropriate  deductions  for  the  n^ber  of 
days  with  no  recorded  rainfall,  for  other  days  with  traces  of  rain,  misty  days,  and  days  of 
high  humidity.  Annual  totals  are  derived  and  grouped  in  fifties  from  zero;  the  numerica 
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group  is  termed  the  xerothermic  index,  and  this  is  used  for  mapping  bio 
further  found  necessary  to  distinguish  climatic  regimes  with  two  dry 


periods. 


GAUSSEN’s.  It  is  well-marked  in  Orissa.  It  should,  however,  be  borne  in  mind  that 
any  such  effect  may  be  masked  by  other  factors,  e.g.,  along  the  West  Coast  the  dominant 
factor  is  the  orographical  rainfall  due  to  the  elevated  land  mass  of  the  W.  Ghats  which 
cause  much  heavier  precipitation  near  the  foot  of  the  hills  than  on  the  coastal  plain. 
The  contrast  of  the  very  low  rainfall  over  the  flat  delta  of  the  Indus  is  very  striking.  A 
coastal  situation  again  influences  the  wind  factor  of  climate  to  be  considered  later. 

Montane  c/imflfej.— Mountain  masses  largely  generate  their  own  climate,  India  pro¬ 
viding  striking  examples.  The  differences  in  the  several  factors  of  climate  between  a 
tropical  montane  tract  and  one  at  low  elevations  in  temperate  latitudes  have  already  been 
mentioned.  They  find  full  play  in  the  high  hills  of  S.  India,  whereas  the  Himalayas  arc 
well  outside  the  tropics  so  that  both  climatic  conditions  and  some  of  the  vegetation  types 
are  very  close  to  those  of  more  northerly  latitudes.  Mountainous  country  with  its  steep 
gradients  greatly  emphasizes  the  climatic  effects  of  aspect  such  as  differences  in  incident 
radiation  including  light,  moisture  relations,  particularly  in  the  soil,  and  exposure  to 
wind — all  in  addition  to  the  effects  of  altitude  on  temperature.  In  sum,  montane 
climates  are  generally  moister  than  those  of  the  adjoining  lowlands.  The  higher  hills  of 
Peninsular  India  are  of  special  interest  from  the  climate-vegetation  viewpoint,  though 
the  vegetation  has  everywhere  been  greatly  affected  by  human  activities,  all  tending 
to  render  moisture  conditions  less  favourable.  The  considerable  difference  in  conditions 
(and  vegetation)  between  an  isolated  hill  with  maximum  exposure  to  mostly  adverse 
influences,  and  an  extensive  land-mass  of  the  same  altitude  is  noteworthy. 

The  Himalayan  mountain  range  is  so  vast  a  feature  that  it  plays  a  great  part  in 
regulating  climate  over  most  of  the  country.  Forming  as  it  does  an  effective  barrier  to 
moisture  bearing  winds  from  the  oceans  to  the  south,  it  also  conditions  a  dry  montane 
climate  in  the  inner  ranges  with  marked  effect  on  the  vegetation.  The  Vale  of  Kashmir 
screened  by  the  Pir  Panjal  range  has  a  climate  contrasting  with  that  of  the  south  side  of  the 
range,  though  with  a  very  limited  tree  flora,  the  forests  arc  less  different  than  might  be 


expected. 


INCIDENT  RADIATION. — Incident  light  intensity — and  with  it  temperature _ 

arc  influenced  by  aspect  and  gradient  of  the  microrelief  just  as  on  the  major  topography 
Full  solar  radiation  reaches  the  top  canopies  but  is  diminished  as  it  penetrates  either 
directly  or  after  reflection  down  to  successively  lower  strata  and  ultimately  to  the  soil 
where  part  will  be  absorbed  as  heat,  reacting  on  root  activity.  It  has  been  demons¬ 
trated  that  the  total  absorption  by  a  full  cover  of  vegetation  can  vary  but  litter 
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provided  adequate  soil  moisture  is  available,  but  when  this  is  not  the  case,  the  difference 
may  be  reflected  by  a  wide  difference  in  vegetation  t)  pe,  e.g.,  grassland  instead  of  forest. 
The  characteristic  development  of  epiphytes  in  some  forest  types  and  their  vertical  distri¬ 
bution  are  detennined  jointly  by  light  and  humidity.  It  appears  probable  that  the 
reduction  of  light  intensity  by  cloud  belts  where  tliey  are  prevalent,  as  locally  cn  the 
hills  of  S.  India  and  in  the  N.E.,  plays  a  significant  part  in  the  stunting  and  low  rates  of 
growth  of  the  vegetation  within  them  (RICHARDS,  1952,  p.  152).  In  the  tropical 
wet  evergreen  forests  light  intensity  at  ground  level  has  been  found  to  be  less  than 
1%  of  that  at  the  top  of  the  canopy,  with  moving  sunflecks  during  the  middle  hours  of 
the  day  of  varying  intensity  even  upto  100%  (RICHARDS,  1952,  pp.  175-9).  Satisfactory 
methods  for  measuring  light  intensity  are  not  easy  to  devise.  Among  the  various  instru¬ 
ments  that  have  been  used  the  photo-electric  cell  alone  meets  most  of  the  requirements; 
integrating  devices  are  also  desirable.  Very  little  has  so  far  been  done  in  India. 

Temperature  records  at  different  heights  above  the  ground  and  in  the  soil,  collected 
in  and  under  canopies  of  different  species  for  comparison  with  values  in  the  open  with  no 
canopy,  have  been  made  by  KRISHNASWAMY  et  al.  (1957)  and  continued  sii.ee  then. 
They  provide  a  measure  of  the  magnitude  of  the  differences.  Of  particular  importance  is 
the  effect  of  a  cover  on  liability  of  regeneration  to  be  killed  by  frost  or  drought.  A  cover 
reduces  radiation  losses  of  heat  at  night,  but  at  the  same  time  reduces  the  heat  received 
and  stored  during  day  time  insolation,  so  that  the  net  effect  of  the  upper  canopy  will 
largely  depend  on  other  site  factors.  PURI  (1954)  found  that  soil  temperature  at  all  depths 
under  sal  forest  was  higher  in  the  cold  weather  months  than  under  the  leafless  teak  or  in 
the  open. 

WIND. — The  effect  of  wind  as  such  (in  contrast  to  its  effect  on  cloudiness,  mist  and 
rain)  on  forest  tjqie  is  limited  and  localized.  On  exposed  sites,  it  has  a  stunting  effect 
which  may  be  quite  marked  as  illustrated  by  the  hill-top  vegetation  in  the  Andaman 
Islands  and  the  ridge  crest  forests  along  the  W.  Ghats.  Height  is  significantly  reduced  and 
crowns  tend  to  be  relatively  low,  branchy  and  dense;  comparable  effects  are  seen  on  the 
leaves  which  tend  to  be  relatively  small  and  tough.  Along  the  coast,  the  mangrove  forests 
do  not  show  such  effects,  but  the  littoral  vegetation  which  is  exposed  not  only  to  strong 
winds  off  the  open  sea  but  to  flying  sand  grains  and  salt  spray,  shows  a  marked  reaction 
both  in  the  poverty  of  flora  and  its  moqjhologx'.  Casuarina,  Cocos  and  Calophyllum  illustrate 
different  types.  Drying  w'inds  of  the  more  arid  regions  clearly  affect  the  vegetation  to  a 
considerable  and  even  dominating  degree ;  once  again,  this  effect  is  exerted  mainly  through 
moisture  relations. 

« 

TOPOGRAPHY.— In  relatively  flat  country,  the  factor  most  affecting  the  vege¬ 
tation  is  the  minor  differences  of  levels  determining  the  movement  of  water  both  over  and 
through  the  soil.  Even  a  difference  of  a  few  feet  or  less  may  influence  moisture  conditions 
favourably  or  the  reverse.  This  feature,  though  often  complicated  by  otlier  physical 
differences,  is  well-marked  on  alluvial  plains  with  terraces  at  different  levels.  In  the  de¬ 
gradation  of  a  plain,  erosion  often  creates  a  pattern  of  plateaux,  slope  and  bottoms 


INDIA -GEOLOGY 


*•1  No  I'OO  He’04'S0ft3’66. 
ffOioaiof*;  L>mb«rt  Co«.«l  Qrthoworph.e 


Priniod  at  th«  Surwoy  of  tndio  Off>c«(  (H  L  O  K 
©  OOVMNMtNT  Of  INOI*  COfTHOHT.  |«(4. 


Factors  Determining  Forest  Types 


13 


so  affecting  soil  and  hydrological  conditions  that  the  differences  between  the  three  site 
t>'pes  are  enough  to  support  different  vegetation  types  with  a  repetetive  pattern  or 
catena. 

In  hilly  country,  the  factors  of  topography  that  exert  most  influence  on  vegetation 
are  aspect  and  gradient.  In  the  main,  they  are  reflected  in  the  vaiiations  caused  in  the 
altitudinal  limits  of  species  and  vegetation  t\^es,  the  latter  appearing  to  express  the  in¬ 
tegration  of  many  climatic  variables. 

The  influence  of  aspect  is  much  simpler  within  the  tropics  than  in  higher  latitudes, 
being  largely  limited  to  its  relation  to  wind  direction,  particularly  mioisture  bearing  wind. 
Thus  a  S.W.  aspect  facing  the  monsoon  winds  has  a  much  higher  and  better  distributed 
rainfall  than  the  opposite  N.E.  aspect,  which  is  in  the  rain  shadow.  The  situation  is  ac¬ 
centuated  where  a  whole  range  of  mountains  such  as  the  Western  Ghats  or  the  Himalayas 
lie  more  or  less  across  the  wind,  particularly  when  as  in  the  former  example  ,  it  makes 
the  edge  of  a  plateau;  in  this  case  the  drop  in  rainfall  on  the  lee  side  is  ty'pically  very  pro¬ 
nounced  and  no  longer  local,  as  typified  by  the  whole  Central  Indian  plateau. 


The  other  major  effects  of  variation  in  aspect  are  related  to  the  consequent  variation 
in  insolation  per  unit  surface.  Southern  aspects  receive  more  solar  radiation  than  northern 
in  proportion  to  their  latitude  and  gradient.  Westerly  and  south-westerly  aspects  receive 
maximum  amounts  in  the  afternoon  when  the  cooling  effects  of  night  conditions  have 
been  lost,  in  contrast  to  the  easterly  and  south-easterly  aspects  where  insolation  is  at  a 
maximum  in  the  morning.  In  higher  latitudes,  steepness  of  slope  cancels  out  the  effects 
of  the  lower  altitude  of  the  sun  on  a  south  aspect  but  accentuates  it  on  a  north  aspect. 
All  these  differences  affect  the  temperature  in  the  first  instance  but  even  more  influential 
on  the  vegetation  is  the  effect  on  soil  moisture.  On  steep  slopes,  tlie  soil  is  shallow  and 
quickly  dries  out  so  that  almost  universally  the  forest  t\pe  carried  is  of  a  drier  type  ee 
deciduous  instead  of  wet  evergreen  in  the  W.  Ghats,  and  in  extreme  cases,  not  even  a 
tree  type  at  all  but  scrub  or  grass. 


mined  in  the  altitudinal  range  of  a  forest  type  on  the  various  aspects  is  deter- 

•tV,  complex  of  factors  including  not  only  insolation,  temperature  and  gradient 

To  ih  Tru  r  stratigraphy,  soil  and  adjacent 
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at  different  level,  above  the  ground  within  AZetltivXZVhedfffr’ 
mg  conditions  result  in  variation  in  -i  •  1  ^nc  diffeiences  in  grow- 
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.ion,  in  microclimaX  “‘"Postfon  in  all  the  strata  commonly  reffect  varia- 
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The  most  influential  factors  in  microclimatic  variation  are  light,  temperature,  hu¬ 
midity  and  wind.  It  should  be  remembered  also  that  differences  in  the  nature  of  rock  and 
soil  ^vill  affect  the  first  two  of  these  factors,  primarily  through  the  soil  itself.  A  general 
survey  of  this  field  of  microclimate  is  available  in  GEIGER’s  (1956,  English  translation 
1957)  “The  Climate  near  the  Ground”. 

(b)  Soil  Formation 

There  are  two  main  classes  of  soil  to  be  considered,  those  formed  in  situ  from  the  rocks 
underlying  them,  and  those  formed  from  transported  material.  The  former  predominate 
over  Peninsular  India  and  the  Himalayas  and  the  latter  in  the  Indo-Gangetic  plain  and 
the  valleys  of  the  larger  east  coast  rivers. 

Confining  attention  to  stable  mantles  not  exposed  to  continued  aggradation  or  ero¬ 
sion,  in  both  sedentary  and  transported  soils,  the  composition,  texture  and  the  physical 
condition  often  depend  on  the  nature  of  the  parent  materials  from  which  the  soil  is  derived ; 
in  both  cases  the  soil  has  been  exposed  for  a  longer  or  shorter  time  to  the  leaching  effect 
of  the  precipitation,  but  in  the  transported  soils — air  or  water  borne — there  has  been  a 
considerable  sorting  of  materials.  In  any  individual  transported  soil  there  will  usually  be 
a  limited  range  of  size  of  particle,  from  pure  quartizite  gravel  to  the  finest  clay,  and  also 
of  many  chemical  constituents  probably  leading  to  concentrations  unfavourable  to  plant 
growth,  either  too  great  (e.g.,  saline  and  alkali  soils)  or  too  low  (major  or  minor  mineral 
deficiency). 

All  soils  remain  exposed  to  continuous  change  after  they  have  been  formed  or  laid 
down,  not  only  by  physical  erosion  but  by  physico-chemical  changes  brought  about  by 
movement  through  them  of  water  and  dissolved  substances.  Leaching,  accumulation  and 
induration  are  the  chief  processes  involved  but  detailed  discussion  is  not  necessary  here. 

As  differences  in  soil  influence  the  occurrence  of  forest  types,  and  the  vegetative  cover 
influences  soil  processes  thereby  affecting  the  ultimate  stability  of  the  type,  the  evidence 
must  be  examined. 

SOIL  MATURITY.— It  is  widely  accepted  that  climate  affects  the  weathering  pro¬ 
cesses  of  rock  and  the  soil  development  itself  in  such  a  way  that  there  is  a  tendency  to 
convergence  in  the  nature  of  soils  derived  from  different  rocks.  The  processes  are  slow 
but  given  geological  time,  the  soil  should  become  “mature”,  revealing  this  uniformity  and 
stability  in  equilibrium  with  the  climate — a  soil  climax  comparable  with  the  vegetation  cli¬ 
max  to  be  discussed  later.  Even  if  the  generalization  holds,  the  process  is  so  slow  in  .some 
cases,  especially  with  secondary  rocks  and  comparatively  recent  and  unconsolidated  de¬ 
posits  (e.g.  moraines)  that  for  practical  purposes  the  soil  in  question  may  be  of  a  chara¬ 
cter  quite  different  from  the  theoretical  climax.  In  other  cases,  one  has  to  deal  with  im¬ 
mature  detrital  or  aeolian  soils  which  again  may  have  a  character  of  their  own,  as  on  scree 
slopes  and  shifting  sand  dunes.  The  fossil  soils  constitute  another  class  of  exceptions.  They 
have  been  developed  under  quite  different  conditions  of  climate  and  variously  exposed 
to  present  climatic  and  vegetational  influences,  in  which  ‘maturity’  or  convergence  in 
the  above  sense  is  a  very  slow  process  indeed. 
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It  is  of  course  possible  that  ‘maturity'*  in  soils  is  only  a  theoretical  concept,  in  fact  it 
has  been  suggested  that  “maturity  implies  senility”  (BOURNE,  1934). 

SOIL  CLASSIFICATION. — As  with  climates,  many  attempts  have  been  made 
todevise  methods  of  classification  combining  genetic  relationships  with  ease  and  conve¬ 
nience  in  field  use,  just  as  with  vegetation.  Reference  must  be  made  to  standard  texts 
{e.g.  MOHR  and  VAN  BAREN)  for  particulars.  Again  as  with  vegetation,  there  are 
many  factors  involved  and  boundaries  are  rarely  sharp;  for  practical  application  it  is 
sifficult  to  avoid  using  mixed  criteria.  It  has  also  to  be  borne  in  mind  that  most  of  field 
St  udies  and  mapping  inindia  have  been  done  with  an  agricultural  bias,  i.e.  studies  of  a 
relatively  shallow  upper  layer  and  suitability  for  or  productivity  under  cultivation, 
whereas  the  forester  is  more  generally  concerned  with  the  morphology  of  the  complete 
soil  profile  down  to  bedrock  or  the  unaltered  substratum. 

A  large  scale  soil  survey  has  been  made  for  India  as  a  whole  on  methods  drawn  up  by 
RAYCHAUDHURI  (1946).  The  soil  map  published  in  1954  shows  the  general  distri¬ 
bution  of  the  twenty  main  soil  groups. 

Indian  soil  According  to  the  latest  classification  of  Indian  soils  (RAYCHAU¬ 

DHURI,  1962)  twentyseven  broad  soil  classes  have  been  differentiated.  These  are  enu¬ 
merated  below.  The:  corresponding  groups  shown  in  the  1954  soil  map  are  given  in  brac¬ 
kets. 


1.  Alluvial  soil  (alluvial  soils — undifTerentiated). 

2.  Alluvial  soil,  highly  calcareous  (Gangetic  Alluvium -calcareous). 

3.  Coastal  alluvium  (Coastal  Alluvium — new). 

4.  Deluic  alluvium  (Saline  and  deltaic  soils). 

5.  Alluvial  soil,  affected  by  salinity  and  alkalinity  (Grey  and  brown  soils  impregnated  with  salts). 

6.  Desert  soil  (Included  in  Desert  Soils— grey  and  brown). 

7.  Deep  black  soil  (Deep  black  or  regur  soil). 

8.  Medium  black  soil  (Medium  black  soil)  . 

9.  Shallow  black  soil  (Shallow  black  soil). 

10.  Black  soil  affected  by  salinity  and  alkalinity  (Included  under  7,  8,  9) . 

11.  Black  soil  undifferentiated  (Included  under  7,  8,  9). 

12.  Mixed  red  and  black  soil  (Mixed  red  ard  black  soil). 

13.  Red  soil  (Red  loam  soil). 

14.  Red  gravelly  soil  (Red  gravelly  soil). 

15.  Red  and  yellow  soil  (Red  and  yellow  soil). 

16.  Laterite  soil(Laterite  soils,  old  alluvium). 

.7.  Laterite  and  Latcriticsoil  (Laterite soils, high  and  low  level) 

.9.  G,^  .„d  brown  .oil  (,no,„drd  in  Dr.„,  ,oi,,_g„,  .„d  brown). 
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20.  Hill  soil 

21.  Podsolised  soil 

22.  Forest  soil,  laterised 


} 


(Included  in  Forest  and  Hill  soils— undifferen¬ 
tiated). 


23.  Foothill/Tarai  soil  (Submontane  regional  soils;  Foothill  swampy  soils). 

24.  Mountain  meadow  soil  \  (Included  in  Forest 

25.  Mountainous  soils,  undifferentiated  J  differentiated). 

26.  Skeletal  soils  (skeletal  soil). 


and  Hill  soils — un- 


27.  Peat,  muck,  very  humose  and  humose  soils  (Peat  soils). 


By  far  the  greatest  areas  are  occupied  by  the  red  soils  (totally  in  the  E.  and 
S.),  black  (W.  and  C.),  alluvial  (N.)  and  hill  (N.)  types. 


Alluvial  soils  (i,  2,  5)  predominating  in  the  Indo-Gangetic  plains  across  the  north  of 
the  country  are  often  low  in  nitrogen  and  phosphorus,  though  less  so  in  the  forests  than 
where  they  have  been  denuded.  Potash  is  usually  adequate  as  also  lime  which  is  liable 
to  form  a  kankar  pan,  especially  over  bands  of  clay  in  the  older  and  higher  alluvium.  These 
alluvial  soils  are  usually  deep,  but  may  show  marked  stratification  of  sands,  clay  and  loam 
and  the  vegetation  they  carry  is  greatly  influenced  by  moisture  and  soil  aeration. 


Coastal  sands  (3)  are  met  with  at  places  all  round  the  coast  and  carry  characteristic 
vegetation.  They  are  mainly  quartzitic  or  calcareous  sands  with  Ipw  silt  and  clay  frac¬ 
tion.  The  depth  is  variable  and  the  water  table  is  characteristically  high.  The  nutrient 
status  is  typically  low,  especially  as  regards  nitrogen  and  phosphorus. 

Saline  and  alkaline  soils  (4,  5)  mainly  developing  in  the  drier  parts  of  country  in  the  N.W. 
and  over  the  Deccan  plateaux,  are  unfavourable  to  tree  growth,  few  species  being  able  to 
develop  under  the  adverse  conditions  which  are  often  further  accentuated  by  inadequate 
drainage.  A  special  class  of  such  soils  occurs  in  the  extensive  saline  flats  bordering  the 
Rann  of  Kutch.  As  would-be  expected,  the  type  of  forest  occurring  is  poor  and  open. 

Arid  and  desert  soils  (f,  if)  are  typical  of  the  west  of  the  country  in  Rajasthan  and 
Gujarat.  They  are  often  alkaline,  usually  with  adequate  mineral  status,  but  with  low' 
organic  matter  and  nutrient  availability.  Typically,  they  are  also  structureless.  Climate 
as  well  as  soil  being  unfavourable,  only  dry  deciduous  forest  at  best  or  open  woodland 
or  scrub,  can  exist. 

Black  soils  (7  to  12)  are  mainly  developed  from  basaltic  rocks  and  so  predominate 
over  most  of  the  Deccan  plateau.  They  are  usually  heavy  montmorollinitic  clays  which 
crack  widely  and  deeply  in  the  dry  season.  They  are  usually  neutral  to  alkaline  in  reaction, 
poor  in  nitrogen  and  phosphorus  but  contain  adequate  potash  and  lime,  in  fact  concre¬ 
tionary  lime  is  usually  present.  The  dark  colour  is  due  to  the  mineral  constituents, 
humus  content  being  typically  low.  Like  the  lateritic  soils  they  have  a  marked  influence 
on  the  vegetation.  Teak  occurs  on  these  soils,  but  where  they  are  deep  and  either  dry  or 
badly  drained,  or  highly  calcareous,  inferior  non-teak  bearing  dry  deciduous  forests  and 
some  times  thorn  forest  (Acacia  arabica)  displace  the  mixed  teak  forests. 
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Red  soils  (12  to  15)  arc  mainly  associated  with  acid  granites,  gneisses  and  schists 
and  are  ferralitic  in  nature;  they  are  typically  coarse,  often  with  ferric  concretions,  with 
a  neutral  or  acidic  reaction,  and  poor  in  organic  matter  and  mineral  nutrients.  The  clay 
fraction  is  mainly  kaolinitic.  They  tend  to  carry  the  moist  evergreen  and  mixed  deciduous 
forest  with  sal. 

Lateritic  soils  (16,  17)  are  characteristic  of  the  tropics  with  monsoon  rainfall  and 
tend  to  cap  the  hills  in  most  parts  of  the  peninsula;  they  develop  mainly  on  the  more  basic 
rocks.  They  are  usually  acidic,  poor  in  mineral  nutrients  and  have  a  low  siHca/sesquioxide 
ratio.  In  the  extreme  case,  the  soil  hardens  on  exposure  to  form  the  familiar  vescicular 
laterite  used  for  building,  and  forming  extensive  ‘pavements’  which  are  very  infertile  and 
slow  to  break  down.  These  pronounced  physical  and  chemical  properties  exercise  a 
marked  effect  on  the  vegetation.  Thus  teak  is  not  often  to  be  found  but  sal  is  much  more 
tolerant  and  Xylia  is  characteristic;  Anacardium  is  also  markedly  tolerant.  The  influence  of 
predominance  of  laterite  and  lateritic  soil  is  not  only  on  the  distribution  of  individual 
species  but  affects  the  vegetation  as  a  whole. 

Foot  hill  soils  (18,  23)  have  not  been  investigated  in  detail.  Brown  earths  are  usual, 
slightly  acid  or  neutral,  with  high  base  status. 

Montane  soils  (20  to  22,  24,  25)  of  the  Himalayas  are  derived  from  a  v'ery  wide  range 
t^f  parent  materials,  and  differ  fundamentally  from  most  of  those  of  the  peninsula  by 
being  more  or  less  immature.  They  show  many  of  the  characteristics  of  the  well-known 
types  of  the  N.  temperate  zone,  though  pronounced  podsol  profiles  are  rarely  found. 
Brown  forest  soils  predominate,  mostly  with  adequate  mineral  nutrients  and  humus  for 

plant  grovyth  which  is  accordingly  regulated  more  by  climate  than  soil.  The  soils  are  usual- 
ly  acidic  in  reaction. 


Interest  also  attaches  to  the  accumulation  of  raw  humus  in  the  fir  forest  at  the  higher 
elevations  in  the  north  west.  This  accumulation  is  considerable  and  unquestionably  a 
m  ranee  to  the  regeneration  of  the  dominant  species,  raising  the  question  of  the  main- 

Skeletal  sods  (26)  are  of  limited  occurrence  mainly  on  high  land  tops  in  the  drier 

tion'-TI  geology  and  soil  on  tree  and  forest  DISTRIBII 
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the  chemical  composition  as  such.  Many  types  such  as  tropical  rain  forest,  chir  pine 
forests  and  dry  deciduous  forest,  extend  across  geological  boundaries  often  involving  consi¬ 
derable  change  of  rock,  with  hardly  any  discernable  alternation  in  appearance  or  compo¬ 
sition.  Examples  can  be  quoted  of  abrupt  change  but  diey  are  exceptional.  MOHAN 
and  PURI  (1956)  have  emphasized  the  differences  in  forest  types  in  the  Himalayas  carried 
on  dip  and  scarp  slopes  respectively.  Interpretation  is  complicated  by  the  usually  different 
aspect  and  gradients  prevailing  in  the  two  sites.  Depth  and  moisture  of  the  soil  again  arc 
more  important  than  nature  of  rock.  Individual  species  are  affected  but  not  the  forest 
type  as  a  whole. 

Lime  requirement  varies  with  species  and  perhaps  with  the  types  they  dominate. 
Much  has  been  written  on  this  topic  with  reference  to  the  distribution  of  teak  in  the  mixed 
deciduous  forests  (cf.  GRIFFITH  and  GUPTA,  1947),  the  evidence  indicating  that  a 
fairly  high  available  calcium  status  is  associated  with  its  frequent  occurrence,  as  on  most 
black  soils.  Cupressus  torulosa  and  other  trees  have  been  quoted  as  being  generally  restricted 
to  limestone  formations,  but  whilst  it  is  true  that  their  major  occurrences  arc  on  limestone 
they  occur  naturally  on  non-calcareous  rocks  and  grow  well  when  planted  on  other  soils. 
The  explanation  must  probably  be  sought  more  in  exceptional  lime  tolerance  favouring 
them  against  competitors,  than  in  lime  requirements. 

The  part  played  by  laterite  in  influencing  forest  type  distribution  has  also  attracted 
much  attention.  As  already  mentioned  teak  generally  avoids  it  but  sal  at  least  tolerates 
it.  Of  associated  species,  Xylia  and  Cleistanthus  aie  prevalent  on  laterite  but  many  others 
are  absent.  Physical  conditions  are  liable  to  be  highly  unfavourable  so  that  the  forest  is 
restricted  in  its  development  even  where  it  remains  basically  the  same  as  on  adjoining  red 
or  black  soils. 

Useful  reviews  of  soils  of  the  teak  forests  (SETH  and  YADAV,  1959),  the  tropical 
evergreen  forests  (SETH  and  YADAV,  1 960) ,  and  of  the  dry  zone  forests  of  India 
(YADAV,  i960),  have  been  published  recently.  An  extensive  survey  of  dry  zone  profiles 
has  been  given  by  SETH  (i960)  and  KHAN  and  YADAV  (1962). 

EFFECT  OF  FOREST  ON  THE  SOIL.— In  so  far  as  the  forest  affects  the  soil 
on  which  it  is  growing,  it  must  bring  about  changes  from  the  conditions  that  prevailed 
when  it  originated.  Such  changes  must  make  the  soil  more  or  less  favourable  than  before 
both  for  the  existing  type  or  other  types  which  might  compete  with  it.  If  the  soil  improves 
in  depth,  physical  condition  and  mineral  content  in  the  rooting  zone,  there  will  be  a  likeli¬ 
hood  that  a  forest  type  with  greater  demands  on  the  soil  and  of  greater  competitive  power 
will  displace  the  original  type.  That  this  can  happen  is  well  illustrated  by  changes  occur¬ 
ring  on  the  stabilization  of  moving  sand  or  on  a  new  riverain  gravel  bed.  On  one  view, 
this  process  should  continue  until  ultimately  (provided  the  soil  itself  becomes  mature) 
the  climate,  soil  and  vegetation  are  all  in  equilibrium,  the  latter  two  in  a  “climax” 
condition.  Another  view  is  that  such  an  equilibrium  is  not  attainable,  but  that  cyclic 
changes  will  occur.  Instances  are  accumulating  suggesting  that  within  a  general  type  there 
may  be  minor  units  distributed  irregularly  each  succeeding  and  being  succeeded  by  a 
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different  unit.  Since  the  distinction  among  these  vegmtion  unit!  is  ultimately  arbitrary 
and  grlual  transition  is  common,  it  would  seem  better  to  envisage  a  cycl.c  conttnuum 

rather  than  a  mosaic  of  discrete  units. 


In  view  of  the  fact  that  by  far  the  greater  part  of  the  forests  of  India  have  been  sub- 
iected  to  clearing  or  selective  felling,  it  is  necessary  to  determine  what  effect  this  has  on  the 
soil  and  consequently  on  its  future  potentialities  in  respect  of  the  forest  types  it  will  support. 
The  most  important  effect  of  this  kind  is  undoubtedly  that  consequent  on  clearing  tro¬ 
pical  evergreen  forest.  These  factors  occur  in  regions  of  high  rainfall  where  weathering  is 
very  deep  and  leaching  has  been  heavy.  It  is  well  established  that  the  lower  rooted  layers 
of  the  soil  are  very  deficient  in  mineral  nutrients,  and  that  the  latter  are  concentrated  in  the 
surface  layers  being  maintained  by  the  organic  detritus  deposited  by  the  forest  cover. 
If  such  a  soil  is  exposed  by  clear  felling,  the  soil  is  degraded  by  the  loss  of  existing  organic 
content  by  rapid  mineralisation,  and  by  stopping  of  the  continuous  supply  of  organic  matter 
containing  the  necessary  mineral -nutrients,  and  by  exposure  to  sun  and  rain.  If  the  area 
is  then  abandoned  the  soil  is  usually  quickly  covered  up  again  and  the  original  conditions 
gradually  restored  with  no  great  or  permanent  loss,  unless  biotic  factors,  especially  fire, 
are  serious.  If  however  it  is  put  under  agricultural  or  plantation  crops,  the  stored  fertility 
ofthesurfacelayersis  very  quickly  exhausted  and  a  permanent  degradation  results  such 
that  restoration  of  the  original  foiest  type  becomes  difficult  or  impossible.  These  effects 
are  of  course  accentuated  on  hilly  ground  where  physical  erosion  also  takes  place.  On 
predominantly  lateritic  soils,  the  effects  of  clearing  or  seriously  breaking  the  forest 
cover,  accompanied  by  loss  of  topsoil,  may  be  more  far-reaching  and  a  hard  laterite  pave¬ 
ment  may  be  developed  which  is  very  unfavourable  to  tree  growth  and  exceedingly  slow 
to  improve,  if  indeed  the  process  is  reversible  at  all.  A  striking  example  of  this  is  the  forest 
type  found  on  denuded  laterite  on  the  coastal  plain  below  the  W.  Ghats. 


A  method  of  study  of  the  relationships  between  plant  and  soil  as  regards  mineral 
nutrients  that  is  being  rapidly  developed  Is^that  of foliar  analysis — not  that  it  need  be  restrict¬ 
ed  to  leaves.  The  amounts  of  the  nutrients  that  have  actually  been  taken  up  by  the  plant 
are  assumed  to  reflect  both  what  the  plant  actually  requires  and  what  is  available  to  the 
roots  in  the  soil  (regardless  of  gross  content  of  the  different  elements  partly  in  non-available 
forms).  Selective  absorption  certainly  takes  place  and  where  a  given  nutrient  is  in  small 
supply,  deficiencies  may  result  affecting  both  species  and  type.  The  method  is  a  promis¬ 
ing  one  but  the  greatest  care  is  required  both  in  collecting  the  samples  for  analysis  and  in 
interpretation.  Some  studies  have  been  made  on  ten  species  growing  in  plantations  at 
Dehra  Dun  (PURI,  1954);  considerable  irregular  variation  was  found  at  different  seasons. 
The  relations  between  sal  soils  and  foliar  contents  have  also  been  recently  studied  in  some 
detail  by  SETH  and  BHATNAGAR  (i960,  1961). 


SOIL  MOISTURE.  The  moisture  of  the  soil  varies  considerably  from  place  to  place 
within  the  general  climate  and  forest  type.  These  variations  are  largely  correlated  with 
those  in  light  and  temperature,  soil  moisture  to  some  extent  integrating  the  effects  of  the 
other  factors.  Microrelief  becomes  additionally  inguential  in  determining  the  movement 
of  moisture  through  the  soil,  with  the  effect  of  variatio  ir  the  soil  itself  superimposed. 
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These  effects  are  naturally  more  marked  where  moisture  at  any  time  of  the  year  is  in 
limited  supply,  and  the  ground  layer  of  the  vegetation  is  liable  to  be  more  effected  than  the 
higher  strata  which  are  normally  more  widely  and  deeply  rooted.  In  the  wetter  climates, 
the  same  causes  may  result  in  local  excess  of  water  continuously  or  periodically,  with  mark¬ 
ed  effect  on  the  forest  t>Tje  supported;  thus  Cane  brake  or  Freshwater  swamp  forest  may 
alternate  with  Tropical  wet  evergreen  forest.  PURPs  (1954)  studies  of  soil  moisture  under 
sal,  teak  and  chir  plantations  showed  that  there  was  little  difference  during  the  critical 
hot  dry  period  between  the  sal  and  teak,  whilst  the  values  under  chir  were  markedly  lower 
at  all  depths  down  to  i  •  3  m. 


CHAPTER  III 

DYNAMICS,  COMPOSITION  AND  MORPHOLOGY  OF  FOREST 

TYPES 


(a)  Dynamics 

In  most  forests  there  is  evidence  of  current  change  going  much  beyond  the  mere  ageing 
of  the  present  community  of  plants.  It  is  a  not  uncommon  occurrence  that  the  majority 
of  the  main  canopy  trees  appear  to  be  about  the  same  age,  a  view  that  can  be  confirmed 
in  trees  showing  annual  rings.  This  observation  inevitably  leads  to  speculations  as  to  how 
this  can  come  about,  what  was  there  before  the  present  trees  arrived,  and  what  will  replace 
them  when  they  die  from  old  age  of  other  natural  reasons,  if  the  forest  is  left  undisturbed. 
In  this  example,  one  is  often  forced  to  adopt  a  theory  of  a  catastrophic  change,  such  as 
fire,  flood,  or  exceptional  drought — or  of  clearing  by  human  agency,  which  will  be 
considered  in  the  following  sections. 


Plant  succession. — Our  understanding,  of  the  natural  processes  involved  was  greatly 
advanced  by  the  formulation  by  CLEMENTS  (1916)  of  an  hypothesis  which  appeared 
to  provide  a  framework  into  which  existing  knowledge  could  be  fitted  and  which  permitted 
of  a  prediction  as  to  how  any  given  type  would  develop.  This  theory  assumes  that  all  plant 
communities  will  in  time  develop  progressively  towards  a  form  which  is  in  equilibrium  with 
the  prevailing  climate  and  will  then  be  stabi’izcd  as  the  climatic  climax.  The  soil  itself  will 
at  the  same  time  react  to  climate  and  vegetation  and  similarly  reach  a  stable  climax.  This 
succession  of  forms  might  be  initiated  on  a  dry  site  tending  to  make  it  moister,  or  on  a  wet 
site  which  it  would  tend  to  make  drier,  in  beth  cases  improving  conditions  for  plant 
growth,  rendering  the  site  more  mesophytic.  If  the  vegetation  has  been  disturbed  in  any 
way,  a  secondary  succession  will  set  in,  similar  to  the  primary  successions  but  different 
from  them  in  various  ways.  It  was  recognised  that  the  successions  proceeded  at  very 
varying  rates  and  might  in  some  cases  be  so  slow  as  not  to  be  demonstrable,  whilst  a  non- 
climatic  factor  such  as  a  highly  infertile  soil  or  fire  might  hold  up  the  succession  indefi¬ 
nitely  at  a  preclimax  stage. 


Climix  lypss.  CLEMENT  s  view  of  a  single  climatic  climax  for  any  given  type  o 
climate,  the  monoclimax  theory,  has  been  challenged  by  later  writers  who  feel  that  it  is  no 
sound  to  consider  climate  as  though  it  were  the  sole  determinant  and  to  assume  for  th< 
prcchmax  a  progression  Aat  will  not  take  place  at  all  or  in  any  case  not  within  the  perioc 
^  ^  iJTiate  itself  may  change.  The  obvious  alternative  is  a  polyclimax  theoro 
w  1C  ,  w  1  e  accepting  the  same  general  views  of  succession,  considers  that  each  prO' 
nouncec  variation  in  site  conditions  within  a  given  type  of  climate  will  tend  to  have  it 
^  ^  climax,  typically  an  edaphic  climax,  developing  on  a  particular  soil  type 
e  difference  between  the  two  theories  in  practice  is  mainly  one  of  nomenclature  bui 

e.e  L  oc  ay  a  pre  erence  for  the  polyclimax  view,  with  corresponding  modifications  in  th( 
theory  of  succession  and  climax.  .  ^ 
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The  concept  of  the  climax  itself  requires  further  consideration.  A  basic  assumption  is 
that  it  must  be  able  to  maintain  itself  in  its  characteristic  form,  but  it  is  usually  very  diffi¬ 
cult  to  see  how  it  can  do  this,  particularly  in  the  very  mixed  communities  of  the  tropics.  A 
simple  theory  would  involve  an  all-aged  crop  in  which  any  gaps  in  any  stratum  due  to  old 
age  or  accident  would  be  filled  by  natural  regeneration,  top  canopy  species  having  to  over¬ 
come  the  competition  of  the  lower  strata  and  grow  through  them.  It  is,  however,  very  dif¬ 
ficult  to  find  dear  examples  of  this  process.  In  the  mixed  forest,  it  is  very  evident  that 
many  species  differ  in  respect  of  the  conditions  needed  to  favour  their  regeneration,  and 
it  can  often  be  noted  that  some  of  them  regenerate  best  away  from  their  own  shade  and  the 
surface  soil  conditions  their  presence  has  brought  about.  Thus  sal  reputedly  regenerates 
best  where  certain  of  the  associated  dominants,  e.g.  Lagerstroemia  parviflora,  from  the  top- 
canopy.  Similarly  for  the  species  of  mixed  coniferous  forest,  the  regeneration  requirements 
of  each  species  are  seemingly  better  suited  on  ground  dominated  by  another.  These  ob¬ 
servations  lead  to  the  suggestion  of  a  dynamic  rather  than  a  static  equilibrium,  with  pos¬ 
sibly  cyclic  alternations  of  varying  complexity.  The  forest  type  maintains  itself  as  a 
whole,  as  a  single  complex  unit,  but  is  continually  changing  on  any  given  spot. 

This  view  has  been  reinforced  by  studies  of  the  vastly  more  complex  tropical  wet 
evergreen  forest.  A  great  number  of  species  occur  together  very  generally  mixed  singly  or 
by  small  groups  distributed  at  random,  with  the  exception  of  some  which  are  closely  as¬ 
sociated  with  a  particular  variable  such  as  above  average  soil  moisture.  Regeneration  varies 
enormously  in  amount  and  distribution.  The  lower  strata  through  which  recruits  to  the 
upper  ones  have  to  penetrate,  show  similar  variations.  The  mosaic  theory,  attaining  its  most 
popular  expression  in  AUBREVILLE’s  accounts  (i949)>  receiving  wider  support.  The 
concept  mentioned  above  for  the  less  complex  types  is  applied,  the  forest  being  viewed  as 
built  up  of  a  great  number  of  irregular  small  units,  some  of  which  with  one  or  few  dominants 
are  recognizable;  each  of  them  will  develop  on  more  or  less  predictable  but  different  lines. 
At  any  time,  the  different  unit  variations  will  always  be  present,  but  their  position  will 
continually  be  changing.  HEWETSON  (1956)  has,  however,  objected  to  the  use  of  the 
term  ‘mosaic’  as  implying  a  fixed  size  and  outline  which  can  rarely  be  demonstrated  in 
practice.  He  summarised  his  attack  on  the  climax  theory  to  the  effect  that  the  tropical 
forest  should  be  considered  as  a  continuum  in  which  the  parts  are  in  unstable  equdibriurn. 
With  this  may  be  noted  GOODALL’s  (1954)  views  on  the  classification  of  vegetation  that  it 
is  unavoidably  arbitrary  and  as  such  unacceptable,  so  that  even  if  it  is  more  troublesome, 
one  should  study  and  work  with  continua. 

The  concept  of  continua  has  attained  its  logical  culmination  m  the  theory  of  vegeta¬ 
tion  gradients  and  climax  patterns.  This  hypothesis  adopts  an  intermediate  position  in 
rejecting  the  absolute  convergence  towards  and  homogeneity  of  a  climax  type  as  a  whole 
(monoclimax)  or  of  various  units  within  it  (polyclimax).  The  climax  is  interpreted  as  a 
partially  stabilized  ‘steady-state’  adapted  to  the  whole  pattern  of  environmental  factors 
in  which  it  exists,  exhibiting  similar  or  convergent  patterns  in  adaptation  to  similar  en¬ 
vironments,  but  showing  a  continuous  change  along  a  continuous  environmental  gratUent. 
Since  whatever  affect  plant  populations  may  affect  the  climax  composition,  t  ctcism 
absolute  (climatic)  climax  for  any  area,  and  the  prevailing  climax  is  a  function  ol  the 
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sum  total  of  all  the  factors  of  the  mature  eco-system,  i.e.  climate,  soil,  other  site  factors, 
biotic  influences,  availability  of  species  and  their  characteristics  dispersal  and  chance. 
From  this  it  follows  that  all  climaxes  should  be  at  the  same  time  physiographic,  edaphic, 
biotic  as  well  as  climatic,  and  furthermore  that  distinctions  beUveen  the  climatic  climax, 
sub-  and  pre-climaxes,  edaphic  climaxes  etc.,  have  no  logical  basis.  The  climax  is  according¬ 
ly  to  be  viewed  as  an  average  or  most  probable  population  (WHITTAKER,  1953). 


For  the  present  purpose  of  providing  descriptions  of  the  chief  recognizable  forest 
types  of  India,  we  have  found  it  most  convenient  to  continue  the  earlier  practice  of 

referring  to  the  type  that  predominates  on  sites  and  soils  of  medium  depth  and  fertility  as 

tlie  climatic  climax,  describing  as  edaphic  climaxes  those  types  which  appear  to  be  the 
expression  of  markedly  different  site  conditions. 


This  nomenclature  permits  differentiation  of  types  the  development  of  which  is 
predominantly  governed  by  climate  or  soil  factors,  these  factors  being  the  most  easily 
apparent  in  the  field.  In  adopting  this  system,  we  do  not  however  imply  the  acceptance 
of  either  the  monoclimax  or  the  polyclimax  view  since  detailed  ecological  studies  on  suc- 
cessional  patterns  are  not  yet  available  for  India.  The  concept  of  climax  patterns  is  im¬ 
plicit  in  the  definition  of  a  forest  type  as  an  average  population  with  distinct  broad  phy¬ 
siognomic  and  structural  characteristics.  Thus  we  do  not  take  a  definite  stand  on  the  vali¬ 
dity  of  the  monoclimax,  polyclimax  or  climax  pattern  schools  of  thought,  nor  is  such  a 
decision  needed  for  our  purpose  of  evolving  a  usable  classification  for  forestry  purposes. 
We,  however,  incline  to  the  view  that  the  theory  of  climax  patterns  perhaps  provides  the 
most  acceptable  frame  work  for  detailed  studies  of  vegetation  of  Indian  forests. 


Grasslands. — A  note  is  required  on  the  Grasslands  of  India,  a  field  in  which  much  new 
information  has  been  collected  in  recent  years,  filling  in  large  gaps  reflected  in  the  paucity 
of  the  data  on  the  grasses  included  in  the  1936  Preliminary  Glassification.  There  has  been 
a  good  deal  of  discussion  of  their  ecological  status  under  the  various  climax  theories.  There 
is  general  agreement  that  many  of  these  grasslands  owe  their  existence  or  at  least  mainte¬ 
nance  to  biotic  factors,  chiefly  fire,  and  there  are  many  examples  of  progression  on  pro¬ 
tection  to  woody  formations  of  various  types.  There  remain,  however,  three  types  on  which 
opinion  may  differ. 

Firstly,  there  are  extensive  areas  in  the  big  alluvial  valleys  subject  to  inundations  of 
varying  depth  and  duration.  The  grass  is  medium  to  tall  (4  or  even  5  metres)  and  dense 
and  it  is  almost  invariably  burnt  annually  to  render  it  more  easily  penetrable  and  to  get 
a  new  and  early  flush  of  growth.  Much  of  this  grassland  appears  very  stable  and  likely  to 
remain  so  as  long  as  present  conditions  continue,  even  without  burning.  For  this  reason 
some  authors  assign  climax  status  to  it.  On  the  other  hand,  every  inundation  deposits’ 
another  layer  of  silt  gradually  building  up  the  surface  level,  and  it  seems  inevitable  that  in 
time  this  process  will  have  gone  so  far  that  the  upper  layers  of  soil  will  become  drier  and 
better  drained  to  an  extent  that  will  lead  to  colonization  by  trees.  The  beginnino-  of  this 

can  often  be  seen  on  the  slightly  raised  levels  along  the  river  banks.  For  these  reasons  we 
feel  that  the  non-climax  or  serai  status  is  clear  and  we  have  described  it  as  such.  * 
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The  second  disputed  case  is  the  montane  tropical  and  subtropical  grasslands  of  South 
India.  There  is  evidence  that  part  at  least  of  them  have  been  present  for  centuries  but 
this  seems  to  be  taken  as  equally  evidence  of  climax  status.  There  is  even  more  definite 
evidence  that  the  boundaries  have  been  greatly  extended  by  clearing  and  burning  in  more 
recent  times,  at  the  expense  of  the  fire-tender  temperate  evergreen  forest  that  adjoins. 
The  protagonists  of  the  grassland  climax  view  have  not  been  able  to  particularize  the  site 
factors  that  should  differentiate  the  grassland  site  from  the  forest  site  beyond  the  fact  that 
a  limited  area  in  valley  bottoms  is  now  subject  to  frost  (RANGANATHAN,  1938). 
BOR  (1942)  3.1so  takes  the  view  that  the  somewhat  comparable  grasslands  of  the 
Shillong  Plateau  are  secondary  to  temperate  or  subtropical  evergreen. 

Finally,  considerable  areas  dominated  by  short  grasses  occur  as  degradation  stages  of 
open  woodland  or  savannah  formations  in  saline-alkaline  lands.  There  is  no  doubt  that 
the  type  is  primarily  edaphic  but  maintained  as  grassland  under  severe  grazing  pressure. 

(b)  Floristic  Composition 

Floral  regions. — The  floristic  composition,  and  therefore  to  some  extent  the  structure 
and  appearance  of  a  forest  type,  depend  on  the  local  flora,  i.e.  the  number  and  cha¬ 
racter  (including  special  adaptation)  of  the  species  that  occur  in  the  neighbourhood  and  so 
arc  available  to  compete  for  survival  on  any  given  site.  As  a  possible  illustration  of  the 
result  of  limitations  in  the  available  flora  may  be  mentioned  the  montane  wet  evergreen 
forest  of  the  Nilgiri  hills  where  the  height  and  annual  growth  seem  to  be  far  below  what 
the  site  could  carry  and  in  remarkable  contrast  to  local  plantations  of  exotic  species. 

The  flora  of  India  varies  considerably  in  different  parts  of  the  country  both  in  spe¬ 
cific  identity  and  in  number  of  species.  Some  species  occur  throughout  whilst  others  are 
restricted  to  quite  small  areas.  Comparative  studies  have  led  to  the  differentiation  of 
a  number  of  floristic  regions,  the  following  nine  being  usually  now  recognised  : 

(1)  Western  Himalayan 

(2)  Eastern  Himalayan 

(3)  Indus  Plain 

(4)  Gangetic  Plain 

(5)  Central  India 

(6)  West  Coast  (Malabar) 

(7)  Deccan  Plateau 

(8)  North-East  India  (Assam)  and 

(9)  Andamans  and  Laccadive  Islands. 

The  Western  Himalayan  flora  differs  from  the  Eastern  Himalayan  one  in  the  greater 
representation  of  conifers.  While  the  European  element  is  conspicuous  in  the  former,  the 
Malayan,  Chinese  and  Burmese  are  prominent  in  the  latter.  The  Indus  plain  flora  has 
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received  important  North  African  components.  All  the  regions  have  the  majority  of  their 
s]>ecies  in  common  but  also  an  appreciable  number  that  are  peculiar  to  them  or  are  in 
common  witli  only  some  of  the  other  regions. 

Endemism.— It  has  been  computed  that  at  least  47%  of  the  dicotyledons  of  India  are 
endemic,  the  largest  proportion  occurring  in  the  Himalayan  region  which  has  been 
isolated  by  orogenesis  and  glaciation.  Among  endemic  tree  genera,  the  following  may 
be  mentioned  ;  Poeciloneuron,  Mansonia,  Chloroxylon,  Ougeinia,  Butea. 

Migration. — Tl\ese  peculiarities  of  distribution  inevitably  raise  the  questions  as  to 
where  the  different  species  originated  and  whether  they  have  arrived  by  migration  from 
otlier  parts.  Examination  of  the  world  distribution  of  the  individual  species  indicates  that 
apart  from  species  which  have  probably  originated  in  India  there  are  contributions  from 
the  Malayan,  Chinese,  Australian  and  N.  African  regions.  It  is  also  evident  that  within 
India  itself  there  must  have  been  migrations  to  account  for  the  presence,  for  example,  of  a 
form  very  closely  related  to  the  Himalayan  Rhododendton  arboreum  in  the  hills  of  South 
India. 


The  subject  of  plant  migration  is  only  marginal  to  the  study  of  forest  types  but  the 
outline  is  useful.  It  appears  to  be  established  that  the  migrations  mostly  took  place  in  waves 
during  Pleistocene  times,  displacing  in  part  an  existing  more  mTform  flora.  Considerable 
earth  movements  were  involved  together  with  associated  climatic  changes,  among  them 
those  brought  about  by  the  successive  glaciations.  A  commonly  accepted  view  is  the 
Satpura  hypothesis  which  would  link  the  present  hill  ranges  of  the  Peninsula  with 
the  Himalaya;  down-faulting  may  have  caused  the  gap  through  which  the  Ganges  and 
Brahmaputra  now  reach  the  Indian  Ocean.  It  is  necessary  to  assume  land  bridges  to 
account  for  common  features  between  Malaya,  S.  India,  Ceylon  and  the  Andamans, 
but  the  routes  followed  by  migrating  floras  were  probably  circuitous.  Reference  may  be 
made  to  PURI  (i960)  and  the  bibliography  cited  by  him,  notably  CHATTERJEE  (1939) 

whdst  GOOD  (1947)  has  published  a  useful  monograph  on  the  general  subject  of  Plant 
Geography. 


Prehistory.— The  geological  history  of  the  flora  of  the  Jheium  valley  in  Kashmir  has 
attracted  much  attention  owing  to  the  existence  of  rich  deposits  of  fossil  impressiors  in 
ome  of  the  Karewa  clays  laid  down  in  the  Tertiary  lake  of  which  a  part  still  exists.  Iden¬ 
tification  of  the  leaves  and  other  parts  of  a  targe  number  of  species  has  been  possible  and 

the  proof  that  the  oaks,  now  virtually  absent  from  the  Valley,  once  predominatf^H 
and  .hat  other  coniferous  genera  such  as  Lari,  were  present  thougk  no  Lng^  fZd  ’ 
any  par.  of  the  W.  Himalaya.  I.  is  easy  to  misintetpre.  the  evidence  but  MlfTRET 

has  recently  published  a  most  useful  review.  ance.  but  MITTRE  (.96.) 

Palynological  evidence  also  suggests  that  the  subtropical  and  montane  . 

ora  extmded  more  widely  in  proto-historic  times  than  at  present  Thus  nolle  ' 

-covered  from  Maski  (A.P.)  in  lime  deposits  dating  to  cL  eS  &m.  rv  B 
been  tdent.fted  as  resembling  those  of  pine,  Brarsiaa.  ^anrpanaia,  tfnuZ 
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Juglandaceae.  Some  pine  tracheids  have  also  been  identified  (MITTRE,  1957).  The  pre¬ 
sent  vegetation  of  this  site  in  gneissic  country  in  Andhra  Pradesh  is  predominantly  dry 
deciduous  scrub. 

The  above  is,  however,  an  exception.  Available  evidence  indicates  that  the  climate 
and  vegetation  of  India  have  been  essentially  stable  during  the  last  five  millenia,  except 
for  changes  brought  about  by  biotic  factors  attendant  upon  the  settling  of  virgin  land, 
the  degradation  being  most  pronounced  in  Southern  Punjab  and  Rajasthan.  Slight 
shifts  in  the  monsoon  regime  and  drainage  pattern  have  probably  accentuated  retrogres¬ 
sion.  Evidence  from  diverse  sources,  including  identification  of  plant  remains  from 
numerous  archaecological  sites,  has  been  critically  reviewed  by  SETH  (1962). 

Invasive  exotics. — Eupatorium  and  Lantana  may  be  specially  mentioned.  Whilst  these 
invaders  seem  likely  only  to  delay  natural  succession,  the  spread  of  the  now  naturalised 
Prosopis  juliflora  may  lead  to  a  different  type  of  succession  and  even  a  different  climax. 
Large  areas  in  typical  habitats  are  being  rapidly  colonised  by  this  species  (Plate  64) 
which  is  maintaining  its  ascendancy  by  regenerating  profusely.  The  salt  flats  bordering 
the  Rann  of  Kutch  are  a  case  in  point  v/here  Prosopis  julifora  is  now  the  most  prominent 
element  of  vegetation;  other  usar  tracts  and  dry  areas  as  in  Rajasthan  are  being  colonised 
by  this  species  witn  varying  speed.  There  is  no  doubt  that  Prosopis  juliflora  has  come  to  stay 
and  must  now  be  taken  into  account  as  a  permanent  feature  of  Indian  vegetation.  We 
have  accordingly  treated  it  as  such,  although  its  initially  exotic  origin  has  been  suitably 
indicated. 

Another,  but  far  less  important,  example  is  the  semi-gregarious  distribution  of 
Anona  squamosa  in  certain  dry  habitats  in  Andhra  Pradesh. 

(c)  Morphological  Characters 

As  difference  in  morphology  has  been  found  to  be  the  most  suitable  basis  for  classi¬ 
fication  of  forest  types,  the  chief  characters  involved  may  next  be  briefly  reviewed  with 
a  general  reference  to  RAUNKIAER’s  (1934)  classic  work  dealing  with  many  of  them. 

Leaf  characters. — For  present  purposes,  the  main  features  are  variations  in  size  and 
texture,  together  with  duration  which  determines  whether  the  foliage  is  evergreen  or  de¬ 
ciduous.  Much  has  been  written  on  the  significance  of  the  deciduous  habit  in  reference  to 
classification  of  forest  t>'pes,  and  all  authorities  have  foimd  themselves  obliged  to  attach 
considerable  importance  to  it.  It  is  obviously  related  to  climatic  conditions  whether  as¬ 
sociated  with  seasonal  low  temperature  or  dryness,  and  yet  where  types  are  mixed  (e.g. 
in  the  Andaman  Is.)  they  may  be  leafless  at  different  times,  just  as  in  a  mixed  wood 
the  individual  species  show  a  regular  sequence  of  leaf-fall  and  coming  into  new  leaf,  al¬ 
though  all  experience  the  same  climate  and  microclimate.  The  leafless  period  of  a  deci¬ 
duous  species  varies  considerably  over  its  geographical  range,  being  larger  where  the  dry 
season  is  longer,  and  it  also  varies  from  year  to  year  in  the  same  way.  In  many 
species,  e.g.  Syzygiurn  cumini,  the  old  foliage  normally  persists  for  twelve  months  or  a  little 
more,  so  that  they  must  be  termed  evergreen,  but  they  are  effectively  deciduous  under 
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adverse  conditions.  Teak  is  virtually  evergreen  where  rainfall  is  f  ^ 

tributed,  whereas  in  the  dry  parts  of  its  range  tt  may  be  leafless  for  nearly  half  the  yea  . 
In  assessing  the  value  of  the  character  for  type  classification,  it  has  to  be  borne  in  mind  Aat 
it  is  determined  by  the  genetic  constitution  of  a  species  and  may  persist  under  conditions 
quite  dilferent  from  those  in  which  it  was  evolved  and  fiited,  thus  the  genus  Salmaha  is 
Liduous  wheUter  in  a  dry  or  wet  type  of  forest,  and  conversely  for  the  evergreen  Syzygmm 
^cumini  and  Sckleichera  oleosa.  Shedding  of  foliage  often  exposes  flowers  or  fruits  more 
effectively  and  so  facilitates  pollination  or  dispersal,  both  essential  processes  only  indirectly 
connected  with  climate.  This  must  not  be  confused  with  the  normal  leaf  fall,  the  point 
being  emphasized  by  the  fact  that  some  trees  shed  the  leaves  on  their  flowering  branches 
long  before  those  on  the  non-floriferous  branches,  e.g.  Bulea  monosperma  and  mango. 


In  tropical  forest  it  is  usual  that  more  of  the  top  canopy  trees  (species)  are  deciduous 
than  in  the  lower  strata.  Even  in  the  wet  evergreen  type,  many  of  the  emergent  tiees 
are  at  least  briefly  deciduous,  whilst  in  the  moist  deciduous  types  in  which  practically  the 
whole  of  the  top  canopy  is  deciduous,  many  of  the  lower  canopy  trees  are  evergreen, 
(e.g.  Mallotus  philippensis)  and  the  shrub  layer  equally  or  more  so.  Even  in  the  dry  deci¬ 
duous  types  some  of  the  undershrubs  are  evergreen  (e.g.  Adhatoda) .  A  useful  review  of  this 
topic  has  been  given  by  RICHARDS  (1952). 


A  foliage  feature  that  often  makes  a  strong  visual  impression  is  the  colouring  of  the 
leaves  either  when  expanding  or  just  before  being  shed.  The  bright  red  colour  of  new 
oliage  in  many  species  of  the  wet  evergreen  forest  is  definitely  a  feature  of  the  type  (e.g. 
Hopea)  though  some  species  more  typical  of  the  moist  deciduous  forest  (e.g.  Schleichera) 
also  exhibit  it.  Although  the  foliage  of  some  species  of  the  tropical  forests  colours  up  be¬ 
fore  falling,  there  is  nothing  comparable  with  the  pre-abscission  general  bright  y-ellow  of  the 
montane  temperate  deciduous  forest  in  which  new  foliage  is  equally  uniformly  light  green 
without  any  red.  In  the  tropical  wet  evergreen,  some  species  (e.g.  Elaeocarpus  spp.)  always 
have  some  conspicuously  bright  red  leaves  about  to  fall,  which  aids  identification  but  is  not 
a  general  feature  of  the  type,  the  leaves  usually  being  shed  when  they  are  still  green. 


Leaf  size  has  also  been  much  studied  in  relation  to  environmental  conditions  and 
forest  type.  For  this  purpose,  in  the  case  of  the  compound  leaf,  the  ultimate  pinnae  should 
be  taken  as  the  unit.  In  a  general  way,  the  largest  entire  leaves  are  found  in  the  lower 
strata  of  moist  types,  e.g.  Musa  in  wet  evergreen  forest.  Although  there  are  species  in  the 
deciduous  forest  types  with  large  simple  leaves  such  as  teak,  Dillenia  spp.,  etc.,  they  are  the 
exception  rather  than  the  rule  and  are  of  much  tougher  texture  than  those  of  the  wet 
forests.  Most  observers  of  the  wet  evergreen  or  rain  forests  have  commented  on  the 
predominance  of  simple  leaves  of  moderate  size— mesophylls— RICHARDS  (1952)  again 
having  brought  together  existing  information  on  this  topic.  There  are  other  leaf  features 
such  as  struaure  of  cuticle,  thickness,  nature  of  the  leaf  tip  etc.,  for  which  the  mcdel 
condition  differs  from  type  to  type  and  so  can  be  used  in  differentiating  types. 


Stem  and  root  characters.— Tht  development  of  buttresses  the  hz&G  of  the  bole  is  often 

It*is  f  prevalence  appears  to  be  related  to  site  conditions  and  forest  type 

It  IS  definitely  absent  from  the  driest  types  but  so  are  the  tall  trees  on  which  they  mighfbe 
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expected;  it  is  also  absent  from  the  montane  forests,  both  broadlcaved  and  coniferous.  As 
with  some  of  the  characters  already  discussed,  it  is  evident  that  a  tendency  to  buttress 
formation  is  characteristic  of  certain  genera,  e.g.  Salmalia,  which  are  not  confined  to  one 
type  but  exhibit  it  in  a  variety  of  sites  with  different  conditions.  It  has  been  found  that  the 
development  of  buttresses  is  associated  with  absence  of  a  pronounced  tap  root,  the  posi¬ 
tion  of  the  buttresses  being  usually  vertically  above  the  major  lateral  roots;  Imge  lateral 

roots  and  feeble  tap  roots  are  usually  found  on  soils  of  shallow  rooting  depth  whether  the 
shallowness  is  due  to  rock,  pan,  high  watertable,  or  sterile  and  badly  aerated  sub-soil. 
Once  again,  reference  may  be  made  to  RICHARDS  (1952)  for  a  detailed  consideration 
of  the  subject. 

The  root  systems  of  the  trees  of  the  tidal  forests  form  one  of  their  most  striking  features. 
The  stilt  roots  of  Rhizophora  are  unparalleled  in  other  types  of  forest,  though  not  a  few  trees 
of  dry  land  forests,  c.g.  Dillenia  spp.  and  Ficus  spp.,  develop  aerial  roots  in  a  somewhat 
similar  manner.  The  feature  seems  so  well  suited  to  the  general  site  conditions  of  the  man¬ 
grove  forests  that  it  is  difficult  not  to  view  it  as  adaptive.  Here  again,  however,  a  genus 
such  as  Carallia  may  develop  stilt  roots  even  when  growing  on  dry  land.  The  knee  roots 
and  pointed  pneumatophores  of  many  of  the  other  typical  trees  of  the  mangrove  forest 
are  obviously  functionally  adapted  to  the  prevalent  site  conditions,  and  may  be  paralleled  in 
freshwater  swamps ;  good  examples  are  rare  in  India  though  Myristica  spp.  have  knee-roots 
and  Lophopetalum  spp.,  develop  low  horizontally  spreading  buttresses.  Such  features  may 
be  developed  by  a  wide  variety  of  taxonomic  groups  normally  without  them,  when  re¬ 
presentatives  occur  in  swamp  forests;  Shorea  spp.  and  even  conifers  (Taxodium)  illustrate 
this  point. 

Bark  characters, — Not  much  attention  has  been  given  to  the  variation  of  bark  with  forest 
type,  but  some  correlations  exist.  The  rarity — often  absence — of  rough,  corrugated  or  scaly 
bark  in  the  wetter  types  is  very  marked.  At  the  other  extreme,  smooth  bark  is  unusual  in  the 
drier  types  where  thick  rough  bark  strongly  predominates.  Thin  barked  trees  are  almost 
completely  eliminated  in  savannah  and  other  dry  (or  seasonably  dry)  types  subject  to  fire, 
though  other  factors  are  involved  so  that  there  is  no  direct  correlation  between  bark  thick¬ 
ness  and  fire  resistance.  Thus  teak  is  relatively  thin  barked  and  survives  (though  not 
without  injury  especially  to  the  timber).  Rough  bark  provides  a  good  footing  for  epiphytes 
and  facilitates  growth  of  climbers. 

Thorniness. — This  character  is  closely  associated  with  the  dry  open  types  of  forest 
being  exemplified  best  by  the  genus  Acacia.  Such  forests  are  exposed  to  maximum  damage 
by  browsing  animals,  feral  as  well  as  domestic,  and  the  prevalence  of  thorniness  must  be 
taken  as  related  to  the  conditions  in  which  the  biome  has  evolved.  As  conditions  become 
moister  the  proportion  of  thorny  species  drops  to  almost  nil  in  the  tropical  wet  evergreen 
where  it  may  be  represented  by  a  few  species  of  genera  more  t)'pical  of  the  drier  types.  The 
moister  forests  do,  however,  include  a  few  genera  or  species  characterized  by  spiny  tubercles 
as  in  Z^nthoxylum  and  Salmalia,  and  compound  spines,  often  with  a  flexible  base,  as  in 
Flacourtia,  on  the  main  trunk  where  their  presence  would  certainly  greatly  hinder  climb¬ 
ing  animals. 
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Root  Whereas  eoppicing  ability  is  of  very  little  significance  in  the  absence  of 

biotic  factors  other  than  fire,  ability  to  develop  root  suckers  may  be  a  us^ul  contributory 
factor  in  extending  the  area  ultimately  occupied  by  a  single  individual.  The  conspicuous 
examples  of  this  feature  tend  to  occur  in  the  deciduous  forest  exposed  to  biotic  damage  of 
many  kinds  usual!)'  involving  damage  to  the  root  systems,  e.g.  Diospyros  melanoxylon,  Dal- 
bergia  sissoo  and  Butea  monosperma.  This  damage  strongly  stimulates  the  production  of 
root  suckers,  which  may  be  absent  without  it,  but  suckering  also  occurs  without  injury  as 
in  many  Bignoniaceae  and  poplars. 

Flowering  and  Seeding. — Season  of  flowering  is  usually  closely  related  to  climatic  regime 
and  so  varies  with  forest  tyue.  In  wet  tropical  forests  and  the  mangrove  forest  some  spe¬ 
cies  are  in  flower  at  any  season,  especially  in  the  lower  strata.  Just  as  the  effect  of  season 
on  leaf-fall  is  most  pronounced  in  the  emergents,  so  it  is  on  flowering.  Very  little  informa¬ 
tion  on  this  subject  has  been  recorded  in  India,  but  in  the  few  tracts  where  the  climate  is 
virtually  non-scasonal,  it  is  possible  that,  as  in  Malaya,  some  species  have  two  flowerings 
annually. 


In  the  deciduous  forests,  there  is  a  conspicuous  contrast  between  species  which  flower 
when  leafless  such  as  Lannca  and  Salmalia,  and  those  flowering  with  the  new  leaves  like 
sal  and  JWM,  or  later  when  in  full  leaf  like  teak.  The  relation  between  flowering  and  cli¬ 
matic  season  is  well  illustrated  by  the  variation  met  with  in  teak  which  flowers  within  a 
month  or  so  from  the  onset  of  the  rainy  season,  i.c.  in  July/August  with  the  S.W.  monsoon 
and  in  December/January  where  only  the  N.E.  monsoon  brings  the  rain. 


In  the  temperate  forests,  flowering  is  usually  dependent  on  the  rise  in  temperature 
after  the  cold  season,  and  so  is  successively  later  with  increasing  altitude.  In  the  ground 
flora  and  shrub  layer,  especially  at  high  altitudes,  there  is  a  tendency  to  come  into  flower 
very  early,  as  in  Viburnum  spp.,  the  linked  site  factors  being  the  shortness  of  the  warm 
season  for  ripening  the  fruit,  and  the  rapid  densification  of  the  foliage  as  the  season  advances. 


\ 

Gregarious  flowering  and  seeding  is  of  significance  where  it  occurs  since  conditions  are 
considerably  and  abruptly  changed,  especially  for  regeneration,  when  this  phenomenon 
takes  place.  There  are  no  Indian  records  of  its  occurrence  from  the  wet  evergreen  forests 
but  It  IS  frequent  in  the  lower  strata  of  moist  deciduous  forests,  less  so  in  the  semi-evergreen 
and  dry  evergreen  types.  The  outstanding  example  is  provided  by  the  bamboos,  flowering 
on  long  cycles  gregariously  over  areas  of  varying  but  sometimes  of  very  wide  extent.  As  the 
c  umps  die  after  the  seed  is  shed,  the  light  intensity  and  root  competition  factors  of  the  site 
may  be  completely  altered  The  subject  has  attracted  particular  attention  with  reference 
o  ak  regenera  ion,  but  the  maintenance  of  the  tree  cover  and  its  specific  composition 
mu3.  be  greatly  tnnuenced  by  ability  to  respond  to  the  marked  change  of  conditio^ 

wi’h  CTc'lc''sTf  ‘  sp'cics  ot  Slnbilanthes 

~  -  and 
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Caulijlory  is  another  feature  wliich  differs  in  its  frequency  in  different  forest  types. 
In  pronounced  form  with  the  flowers  on  the  main  stem  and  thicker  branches,  the  phe¬ 
nomenon  is  almost  restricted  to  the  wet  tropical  forest.  Artocarpus  heterophyllus  is  one  of 
the  few  large  Indian  trees  with  this  character,  whilst  Ficus  glomerata  and  other  species  of  the 
genus  extend  into  drier  climates. 

Pollination  methods  do  not  appear  to  be  markedly  associated  with  forest  type,  except 
that  wind  pollination  is  very  rare  in  the  wetter  types.  Pollination  by  birds  is  very  uncom¬ 
mon  in  the  temperate  montane  types  where  anemophily  prevails,  notably  in  the  conifers 
and  Cupuliferae ,  Butea,  Alnus  and  jfuglans.  Conspicuous  red  flowers  are  predominantly 
bird  pollinated  and  mostly  tend  to  occur  in  the  deciduous  types,  e.g.  Salmalia,  Butea, 
Erythrina  and  Firmiana,  and  to  open  when  the  trees  are  more  or  less  leafless. 

Seed  dispersal. — The  efficiency  of  seed  dispersal  is  obviously  of  great  significance  in 
maintaining  a  forest  type  both  as  a  whole  and  for  the  individual  species.  In  the  colonising 
of  a  bare  site  whether  new,  such  as  a  mudbank,  sand  dune  or  landslip,  or  secondary  as 
abandoned  cultivation  or  gaps  caused  by  wind  throw,  lightning  or  fellings,  the  species  that 
arrive  first  gain  a  great  advantage  over  later  comers.  The  first  colonisers  tend  to  have  small 
seeds,  either  winged  like  Betula  and  Anogeissus,  or  plumed  like  Salmalia,  Salicaceae  and  many 
Apocynaceous  trees  and  climbers,  or  extremely  small  and  light  as  Adina  and  Macaranga 
or  light  pods  easily  transported  by  wind  and  water  such  as  Dalbergia  and  many  Acacias 
whilst  in  other  species,  the  seeds  are  disseminated  by  birds  as  for  Broussonelia,  Trema, 
Morus  and  Vitex.  Few  of  these  trees  form  a  significant  part  of  the  forest  which  finally 
comes  to  occupy  the  originally  bare  site  though  single  individuals  may  persist.  In  a 
closed  canopy,  especially  if  it  is  evergreen,  wind  dispersal  is  not  so  effective  as  other  me¬ 
thods  and  is  rare.  In  the  tropical  wet  evergreen  forest,  seed  or  fruit  dispersal  by  birds  and 
animals  is  usual,  though  large  heavy  seed  dropping  to  the  ground  may  also  be  spread  by 
surface  water  flow.  Very  many  different  animals  play  a  part  in  seed  dispersal,  the  size, 
shape,  appearance,  colour  and  taste  of  the  fruits  all  varying  in  accordance  to  attract  ele¬ 
phant,  bison,  deer,  monkeys,  birds,  fruit-bats  or  rodents.  In  swamp  forests,  dispersal  by 
water  is  very  common,  as  illustrated  by  the  wide  variety  of  genera  forming  the  tidal  forests 
and  the  fringing  and  freshwater  swamp  forests  (Trewia). 

(d)  Structural  Characters 

Stratification. — It  is  frequently  to  be  observed  in  a  forest  that  the  trees,  shrubs  and 
herbs  appear  to  be  differentiated  into  several  layers  or  strata.  In  all  the  more  luxuriant 
types,  there  appear  to  be  more  or  less  well  defined  strata  for  the  tallest  trees,  which  tend 
to  stand  singly  or  in  groups,  well  above  a  more  or  less  continuous  main  canopy;  below  this 
may  be  successively  smaller  trees,  shrubs  and  ground  layers.  Studies  by  the  transect  pro¬ 
file  methods  provide  a  quantitative  measure  and  do  in  fact  confirm  the  subjective  impres¬ 
sion.  In  a  general  way,  the  more  favourable  the  site  to  tree  growth,  the  more  such  strata 
are  developed,  so  structural  stratification  is  accepted  as  one  of  the  diagnostic  characters 
of  a  forest  type.  The  several  strata  are  composed  each  of  a  separate  group  of  species  and 
ordinarily  the  fact  that  younger  individuals  of  the  higher  strata  must  grow  through  all  the 
lower  strata  does  not  obscure  the  general  picture.  It  is  difficult  to  assign  any  reason  for 
this  differentiation  into  strata,  and  much  work  remains  to  be  done  on  it. 
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Climbers.— These  plants  are  present  in  most  types  and  their  size,  situation  and  rela¬ 
tive  abundance  contribute  to  the  total  character  of  the  several  types.  Climbers  are  pro¬ 
bably  at  their  maximum  in  the  semi-evergreen  and  moister  deciduous  types  being  (ex¬ 
cept  locally)  rather  less  numerous  in  the  wet  evergreen,  decidedly  less  in  the  drier  forests, 
and  relatively  rare  in  the  thorn  and  mangrove  forests.  The  climbing  canes  favour  wet 
ground  where  they  may  largely  replace  the  tree  canopy  and  add  a  characteristic  ap¬ 
pearance  to  the  vegetation  as  a  whole.  When  the  canopy  of  the  evergreen  or  semi-ever¬ 
green  forests  is  broken  from  whatever  cause,  it  is  not  unusual  for  a  dense  climber  tangle  to 
develop,  and  it  may  take  a  long  time  for  the  tree  species  to  penetrate  it  and  recover  their 
original  dominance.  Locally  the  same  phenomenon  may  be  observed  in  the  deciduous 
forests,  the  genera  Combretum  and  Acacia  (thorny  spp.)  tending  to  predominate. 

Epiphytes. — Epiphytes  are  dependent  on  the  limited  part  of  the  local  precipitation 
that  penetrates  the  upper  canopy,  supplemented  by  the  flow  of  water  down  the  branches 
and  trunk.  Their  water  economy  is  raised  by  a  variety  of  xeromorphic  features  but  even 
so,  their  survival  depends  on  it  and  must  be  related  to  the  atmospheric  humidity  prevail¬ 
ing  at  different  levels  above  the  ground  in  the  type  of  forest  concerned.  Equally  they 
are  dependent  on  receiving  an  adequate  light  intensity  and  (except  for  cryptogams)  on 
being  suitably  situated  to  ensure  pollination  and  seed  dispersal.  It  is  accordingly  to  be 
expected  that  there  will  be  a  characteristic  type  of  development  of  epiphytes  for  each 
forest  type. 


The  wet  evergreen  forests  offer  the  most  favourable  conditions  as  regards  moisture, 
but  light  intensity  is  low  except  well  above  the  ground,  where  the  maximum  occurrence 
is  found.  Semi-evergreen  types  might  be  expected  to  be  favourable  in  respect  of  both 
requirements.  The  moist  deciduous  forests  experience  a  long  dry  season,  so  that  any  epi¬ 
phytes  must  be  able  to  survive  through  it;  only  a  few  well-equipped  with  zerophytic  adap¬ 
tations  can  do  so.  The  dry  deciduous  forests  are  still  more  unsuited  and  epiphytes  other 
than  bryophytes  are  virtually  absent.  The  wet  montane  subtropical  and  temperate  types 
support  a  very  rich  cryptogamic  epiphytic  flora  and  not  a  few  phanerogams  both  her¬ 
baceous  and  woody,  notably  Araceae,  Orchidaceae  and  Ericaceae,  but  the  drier  temperate 
forests  are  very  poor  in  epiphytes.  Mention  must  be  made  of  the  semi-parasitic  epiphytes 
of  the  family  Loranlhaceae  which  by  obtaining  their  water  and  nutrient  requirements  from 
their  hosts,  are  largely  independent  of  climatic  factors.  They  are  most  abundant  in  the 
moist  deciduous  types  but  extend  into  the  temperate  evergreens  both  broad-leaved  (c.g. 
Fijcwm  on  oaks)  and  conifers  (e.g.,^rcea//ioitMm  on  Finns  wallichiana).  The  leafless  holo- 
parasite  Cuscuta  {Convolvalaceae)  is  ^metimes  conspicuous  on  woody  plants  of  the  Dry 

deciduous  and  Thorn  forest  types.  ^ 

(e)  Biotic  Influences 

History.  In  virgin  forest  it  is  not  possible  in  the  absence  of  annual  rings  to  verify 

supposi  ions  concerning  to  past  development  as  under  the  intense  competition  for  light 
and  space  trees  of  very  dfferent  airth  r.u  ^  *ignt 

is  often,  a.  lease  locally,  all  the  anol r  T  ?"  ' 

,  .  V  I  reappearance  of  an  even-sized  and  even-aged  main  or 

canopy  wh.ch  may  reSece  little  more  than  a  slowing  down  of  growth  wifh  incre«ing 
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till  overmaturity  and  mortality  sets  in,  tending  to  reduce  the  range  of  diameter.  One  of 
the  results  of  modern  studies  has  been  to  reveal  how  few  of  the  supposedly  virgin  forests 
have  in  fact  been  free  from  human  interference  in  their  past  history,  owing  to  the  wide¬ 
spread  practice  of  shifting  cultivation  and  nomadic  grazing  and  the  extensive  tracts  ever  which 
the  peoples  dependent  on  this  practice  have  ranged.  Evidence  of  past  clearing  may  per¬ 
sist  in  a  variety  of  forms.  Thus  it  is  common  practice  when  clearing  an  area  to  leave 
standing  a  few  of  the  bigger  trees  because  they  are  too  much  trouble  to  fell,  or  because  of 
some  superstition  (as  with  Ficus  spp.),  or  for  fruit  or  shade.  Such  trees  often  persist  and  can 
be  recognised  for  what  they  are  long  after  the  clearing  has  reverted  to  forest.  Very  often 
one  finds  in  the  apparently  virgin  forest,  trees  of  cultivation  such  as  mango  and  tamarind. 
More  or  less  sharp  boundaries,  often  following  an  unnatural  course — a  straight  line  or  a 
contour — between  visibly  different  types,  are  also  indications  of  interference;  as  also  obvi¬ 
ously  are  remains  of  former  terraces  in  hilly  country.  Good  examples  of  this  are  common 
in  the  evergreen  forests  where  clearings  have  been  made  for  coffee  or  other  crops,  and 
subsequently  abandoned.  In  some  cases,  no  evidence  is  discernible  above  ground,  but 
small  pieces  of  charcoal,  bricks  or  even  pottery  fragments  found  on  examining  the  soil, 
tell  their  tale.  Whether  in  the  hills  or  the  plains,  there  is  very  little  forest  in  India  that  can 
be  accepted  as  having  always  been  free  from  biotic  influences.  The  greatest  safeguards 
have  been  steepness  and  poverty  of  soil,  and  unhealthiness  for  human  occupation,  but 
none  of  them  has  been  universally  effective. 

Outside  the  wetter  mostly  evergreen  forests,  in  addition  to  permanent  or  temporary 
cultivation,  fire  and  grazing  have  played  an  extremely  influential  part  in  determining  the 
forest  type  now  occupying  the  land.  These  practices  almost  invariably  have  the  effect  of 
rendering  the  site  less  favourable  to  tree  growth  through  a  reduction  of  moisture  levels 
in  air  and  soil,  and  often  through  erosion  of  the  top  soil.  Accordingly,  over  large  parts  of 
the  country,  we  find  forest  of  a  type  otherwise  associated  with  a  drier  climate  or  a  poorer 
soil,  and  where  fire  is  a  factor,  the  flora  is  reduced  to  those  species  which  can  survive  it. 

Pire— In  addition  to  the  general  aspects  of  the  effect  of  burning  on  the  present 
distribution  of  forest  types  there  are  further  points  to  be  noted.  Every  state  in  India 
has  extensive  tracts  of  apparently  stable  communities  conditioned  by  periodic  fires. 
In  several  ways  burning  tends  to  obscure  differences  in  climate  and  site,  converting  a 
variety  of  types  to  the  same  “fire  preclimax”  characterized  by  a  very  irregular  broken 
canopy  of  height  much  inferior  to  the  potentialities  of  the  site,  with  short,  crooked, 
branchy  and  scarred  trunks  and  thin  crowns,  standing  over  grass  of  height  and 
density  (unburnt)  depending  mainly  on  the  soil  moisture  available.  Where  the  grass 
is  dense  and  therefore  the  fire  fierce,  the  shrub  layer  tends  to  be  severely  restricted  and 
limited  to  annual  shoots  destined  to  be  killed  back  by  the  next  fire.  Where  the  grass  is 
low  and  sparse,  the  shrub  layer,  usually  thorny  and  otherwise  xerophytic,  is  more  in  evi- 
.dence  and  partly  escapes  destruction  through  paucity  of  inflammable  material. 

Even  in  the  case  of  trees  that  are  fairly  fire-hardy  when  above  a  certain  size,  fire  will 
effectively  prevent  all  regeneration  except  for  a  limited  number  of  specially  adapted  spe¬ 
cies.  The  latter  are  characterized  by  being  liable  to  build  up  a  large  rootstock  despite 
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annual  destruction  of  their  above-ground  growth,  at  being  an  outstanding  example. 
Piaur  r»x»arjl,h  provides  an  interesting  example  of  thm  facnlty  o  seedling  su^ival  des- 
pile  burning,  in  a  genus  normally  devoid  of  it.  An  extensively  branching 
root  system  able  to  send  up  adventitious  shoots  achieves  the  same  end  as  with  ^le^pAar 
spp.  In  fact  the  ability  to  produce  rootsuckers  is  a  common  feature  among  the  species  of 
the  fire  preclimaxes  {Salmalia,  Stereospermum,  Butea,  Diospyros,  etc.). 


Fire  resistant  bark  is  essential  to  survival.  An  outer  corky  layer  that  will  char  without 
igniting  is  usually  present,  but  some  species  such  as  Salmalia  are  effectively  protected  by 
a  thick  smooth  and  sappy  bark.  As  the  fire  usually  sweeps  past  almost  in  a  matter  of 
moments,  low  heat  conductivity  is  one  of  the  chief  factors  and  lack  of  it  may  account  for 
extensive  mortality  in  rough-barked  deodar  even  without  any  external  charring.  Gre¬ 
garious  habit  may  also  be  a  help  to  survival  as  may  be  exemplified  by  sal ,  patches  of 
saplings  may  so  thin  out  the  grass  by  shading  that  they  may  become  established  after  a 
year  or  two  of  chance  escape  from  burning. 


Shifting  cultivation. — What  happe.ns  to  a  patch  of  cultivation  when  it  is  abandoned 
depends  on  a  number  of  contingencies.  Reference  has  already  been  made  to  the  practice 
of  leaving  some  of  the  big  trees  of  the  original  crop,  and  these  will  provide  a  source  of  seed , 
will  attract  birds  which  may  drop  seed  of  other  species,  and  will  cast  some  shade  helping 
to  maintain  light  and  moisture  conditions  favouraljle  to  the  regeneration  cf  many  tree 
species.  If  the  area  has  been  previously  cultivated,  it  is  unlikely  that  many  of  these  trees 
will  survive,  and  as  noted  before,  they  are  liable  to  be  Ficus  rather  than  other  species.  The 
size  of  the  clearing  is  important.  The  larger,  the  more  the  conditions  are  altered  and  the 
f  arther  off  seed  trees  will  be.  Duration  of  cultivation  is  also  important,  as  regrowth  from 
surviving  stocks  of  the  original  vegetation,  tree  or  shrub,  will  be  gradually  eliminated  by 
a  repeated  cutting  back  and  so  will  not  quickly  restore  the  ground  cover  including  at  least 
some  of  the  original  species.  Usually  the  first  newcomers  will  be  a  few  species  with  wind 
or  bird  borne  seed  well  adapted  to  growing  on  bare  sites  usually  quick  growing  (Antho- 
cephalus,  Terminalia  myriocarpa)  and  often  of  limited  size  and  life  {Trema,  Macaranga). 
Of  recent  years,  the  exotics  Eupatorium  And  Lantana -with  wind  and  bird  carried  seed 
respectively  have  invaded  such  clearings  to  an  increasing  extent  altering  and  probably 
considerably  delaying  further  succession.  In  some  regions  bamboos  or  reeds  (Ochlandra) 
may  massively  occupy  the  vacant  site. 


In  due  course  the  forest  cover  will  be  restored  and  presumably  gradual  succession 
will  lead  to  the  local  climax  but  m  many  areas  with  increase  in  population  and  reduction 
of  available  forest  area,  the  cycle  has  inevitably  shortened  and  such  regrowth  as  has 
developed  IS  again  cleared.  The  end  result  is  typically  grass  with  a  few  scattered  trees  and 
subject  to  annual  fires,  a  fire  preclimax  savannah  type.  * 


Craiinj.— Grazing  is  little  practised  in  the  wet  tropicai  evergreen  forest  and  is  a  factor 
of  no  importance  m  it.  In  all  other  types,  however,  it  has  become  a  factor  comparable 
only  with  nre  tn  tts  ftr-reaching  elTects  on  the  forests.  Grazing  also  has  an  indireet  effem 
on  the  standing  trees  m  that  associated  with  it  are  the  practices  of  lopping  for  fodder  and 
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burning  both  to  reduce  the  density  of  the  woody  cover  and  to  induce  grass  growth.  The 
vital  direct  effect  is  in  the  inhibition  of  regeneration.  In  many  types  at  certain  seasons 
when  the  supply  of  green  herbage  is  lo  w,  all  kinds  of  stock  will  browse  and  graze  down 
any  green  tree  seedlings  that  may  be  available  (sal,  sissu,  Adina,  Abies)  and  if  the  grazing  is 
heavy  or  prolonged  complete  elimination  takes  place.  In  the  shrub  stratum  grazing  is  con¬ 
centrated  on  the  palatable  species  (e.g.  Adina,  Terminalia  tomentosa)  which  will  again  be 
completely  eliminated  unless  they  are  sufficiently  thorny  as  in  the  cases  of  Pfzyphus  and 
many  Acacias.  Thus  as  with  fire,  so  grazing  also  results  in  a  marked  reduction  in  number 
of  species  and  thereby  a  distinct  alteration  in  the  general  morphology  of  the  type.  As, 
hawever,  grazing  and  burning  almost  always  go  together,  no  biotic  grazing  preclimax  has 
been  described,  although  some  subtypes  of  dry  deciduous  and  thorn  scrub  types  should 
probably  be  so  described.  In  the  semi-desert  tracts  of  Rajasthan  such  scrub  preclimaxes 
prevail  where  a  close  dry  deciduous  forest  dominated  by  Anogeissus  pendula,  or  Acacia 
Senegal  is  clearly  the  climax  still  surviving  in  some  of  the  hunting  reserves  of  the 
former  rulers. 


CHAPTER  IV 

SYSTEM  OF  CLASSIFICATION  OF  VEGETATION  TYPES 

As  vegetation  develops  in  relation  to  and  exists  in  balance  with  its  total  environment, 
the  various  attempts  to  classify  it  could  be  grouped  according  to  the  chief  criteria  used 
These  might  be  the  properties  of  the  vegetation  itself,  the  various  climatic  zones  in  which 
particular  classes  of  vegetation  are  expected  to  flourish,  or  finally,  the  properties  of  the 
mature  eco-system  comprising  the  vegetation-environment  complex  and  reflecting  the 
interrelations  of  these  elements.  Systems  may,  however,  also  be  built  around  more  than 
one  of  these  groups  of  factors,  but  the  primary  or  the  chief  basis  of  classification  can  be 
easily  distinguished.  Different  classifications  arc  intended  to  fulfil  various  needs  and 
may  be  equally  valid.  In  the  following  discussion,  the  main  approach,  whether  botani¬ 
cal,  climatic  or  ecological,  has  been  taken  as  the  criterion  for  classifying  these  classi¬ 
fications  themselves. 

As  has  already  been  pointed  out  earlier,  the  need  for  classification  of  vegetation  in  the 
context  of  forestry  arises  from  the  fact  that  particular  silvicultural  and  management 
practices  are  broadly  correlated  with  and  relevant  to  particular  forest  “types”  and  a  ra¬ 
tional  workable  system  of  classification  of  forest  vegetation  makes  it  possible  to  apply  and 
evolve  these  practices  in  a  controlled  scientific  manner.  Hence  the  forester’s  special  in¬ 
terest  in  a  system  of  classification  which  places  adequate  emphasis  on  the  structural— ‘func¬ 
tional  aspects  of  plant  communities. 

(a)  Classifications  based  mainly  on  Vegetation 

Glassification  of  vegetation  can  be  approached  from  the  study  of  plant  communities, 
the  data  being  grouped  in  any  of  the  several  categories  such  as  physiognomy,  structure 
composition  and  dynamics. 

The  data  may  be  broken  down  into  successively  smaller  units  on  the  basis  of  differences 
or  aggregated  into  successively  larger  units  on  the  basis  of  similarities.  In  the  one  case,  the 
primary  units  are  the  plant  associations,  a  number  of  which  are  assembled  into  a  forma¬ 
tion  or  type;  in  the  other  case,  a  series  or  formation  is  sub-divided  in  stages  into  the  consti¬ 
tuent  associations.  The  Braun-Blanquet  system,  much  used  in  Europe,  and  for  studies  of 
vegetation  units  of  a  rather  small  and  restricted  extent  in  India,  is  an  example  of  the  former 
whereas  the  system  of  BEARD  (1944),  FOSBERG  (1958)  and  WEBB  (1959)  typify  the! 
latter  approach. 

BEARD  s  1944  classification,  as  finally  elaborated  in  1955,  starts  with  a  floristic 
grouping  (association)  such  as  Schima-Bauhinia,  which  he  assembles  into  physiognomic 
groups  (formations),  e.g.  deciduous  seasonal  forest,  which  arc  further  grouped  according 
to  habitats  (formation  series)  e.g.  the  montane  formation  series.  Although  the  process  is 
synt  etic,  starting  from  the  lowest  recognizable  units  and  building  up  into  larger  groups 
t  e  resu  tant  classes  are  very  similar  to  those  adopted  in  the  present  study,  with  a  few 
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exceptions  such  as  the  differentiation  of  ‘rain  forest’  from  ‘evergreen  seasonal  forest’. 
1  his  is  due  to  his  concept  that  the  rain  forest  occupies  a  unique  central  position  as  a 
formation  as  well  as  a  formation-series  and  from  it  radiate  habitat  groups  in  descending 
order  from  optimum  to  pessimum.  The  optimum  (Rain  forest)  and  Seasonal  formations 
arc  predominantly  climatically  determined  whereas  the  Seasonal  Swamp  and  Swamp 
formations  are  edaphically  conditioned.  The  intermediate  groups  of  Montane  and 
Dry  evergreen  exhibit  the  operation  of  both  series  of  factors,  essentially  climatic  in  the 
first  case,  and  largely  cdaphic  in  the  other. 

FOSBERG  (195^)  puts  forward  a  rational  general  classification  of  vegetation  for  the 
humid  tropics  based  entirely  in  its  higher  units  on  Structure  and  Function,  the  ultimate 
units  being  inevitably  floristic.  Starting  from  a  primary  ‘great  structural  group’  based  on 
spacing,  the  next  level  is  called  a  ‘formation  class’  (forest,  scrub,  savannah  etc.),  and  ‘fer- 
mation  group’  (evergreen,  deciduous  etc.) ;  ‘formation’  (rain  forest  bamboo  forest  etc.) 
‘sub-formation’  (mesophyll,  megaphyll  etc.)  follow  in  descerding  order.  It  should  be 
possible  to  fit  any  and  every  sample  of  vegetation  into  one  of  his  units,  but  the  scheme  is 
quite  inadequate  to  meet  practical  requirements  since  all  evergreen  rain  forests  and  all 
deciduous  (mons'on)  forests  are  included,  each  in  a  single  category,  with  no  provision  for 
anything  between.  FOSBERG  has  thus  attempted  a  purely  ‘vegetational’  classification 
bat  for  practical  purposes,  as  already  stated,  this  strict  limitation  carries  many  disadvan¬ 
tages  with  it.  Though  the  scheme  is  excellent  for  descriptive  purposes,  it  obscures  the 
relationship  between  a  stable  type  and  its  derivatives  and  arrested  stages  due  to  biotic 
influences  such  as  fire. 

WEBB’s  1959  classification  is  physiognomic  and  essentially  similar  to  BEARD’s. 
It  deals,  like  the  latter,  only  wit’n  climax  types,  in  this  case  only  the  rain  forests. 


(b)  Classifigationj  based  mainly  on  Climate 

The  classifications  based  on  climate  are  the  most  numerous.  SCHIMPER  (1898) 
classified  first  into  temperature  zanes  and  within  each  of  these  he  ascribed  primary  im 
partance  to  moisture  conditions;  he  considered  mountains  separately  as  having  their  own 
climatic  peculiarities.  He  arranged  the  vegetation  types  of  his  tropical  zone  in  a  series  with 
decreasingly  favourable  moisture  conditions  as  follows  : — i.  Rain  forest,  2.  Mon¬ 
soon  forest,  3.  Savannah,  4.  Thorn,  5.  Tropical  grassland,  6.  Tropical  desert.  A 
rainfall  exceeding  2,000  mm.  is  suggested  as  resulting  in  rain  forest. 


MAYR  (1909)  similarly  adopted  temperature  zones  as  the  primary  sub-division  but 
combined  latitude  and  altitude.  He  stressed  the  greater  importance  of  mean  temperature 
during  the  growing  season  (May  to  August)  and  emphasized  the  essential  diffciences  bet¬ 
ween  coastal  and  continental  climates,  mountain  climate  tending  to  parallel  the  coasta 
type.  In  so  far  as  his  scheme  concerns  India,  mention  may  be  made  of  his  sub-tropical  zone, 
in  w'nich  he  includes  the  forests  of  Himalayan  oaks,  conifers,  and  cveigrccp  Mngno  las 
eccurring  between  1,220  m.  and  2,1^0  rp.  The  forests  above  2  150  m.  he  includ  >  m  us 
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Castanetum,  mentioning  deciduous  Magnolias,  Prunus,  Pinus  wallichiana  and  Cedrus  deo- 
dara.  Himalayan  forests  above  2,440  m.  in  the  east  and  2,000  m.  in  the  west  are  included 
in  his  Fagetum. 

RUBNER  (1925)  similarly  classified  climates  according  to  the  number  of  months 
during  which  the  mean  monthly  temperature  exceeds  a  certain  value — actually 
io°C. 

An  important  advance  in  the  study  of  climate  and  vegetation  was  made  by  KOPPEN 
(1931).  He  distinguished  eleven  main  climatic  zones  on  temperature,  rainfall  and  season 
of  the  latter.  He  used  primarily  the  temperature  of  the  hottest  and  coldest  months  and  the 
relative  rainfall  of  the  wettest  and  driest  months.  This  classification  is,  however,  based 
more  on  reactions  of  vegetation  with  climate  than  on  meteorological  data.  The  chief 
climatic  factors  mentioned  above  are  expressed  by  means  of  symbols  combined  into  a  cli¬ 
matic  formula. 


THORNTHWAITE  (1933)  differentiated  thermal  zones  on  a  basis  of  “temperature 
efficiency”  (T.E.)  with  numerical  values  for  a  T.E.  index  obtained  by  summing  the  12 
monthly  indices  each  derived  from  the  formula  i(T°(F)-32)  and  classified  in  geometrical 
progression,  from  zero  for  perpetual  frost  to  over  128  for  the  tropical  zones.  On  this  basis 
the  whole  of  the  Indian  Peninsula  and  Plains  are  tropical;  thus  the  T.E.  index  for  Allaha¬ 
bad  in  Lat.  N  15^°  is  137^.  The  values  for  Ootacamund  (2,210  m.,  S.  India)  and  Simla 
(2,148  m.,  N.  India)  are  66^  and  68|  respectively,  and  fall  at  the  bottom  of  his  mesother- 
mal  zone  with  T.  E.  index  from  64  to  127.  His  microthermal  zone  would  be  reached  at 
about  2,300  m.,  for  example  at  Darjeeling  with  a  mean  annual  temperature  of  about  10.6°  C 
and  a  T.E.  index  of  57.  Dehra  Dun  (618  m.)  with  an  index  of  1 17  would  be  included  as 
mcsothermal  with  most  of  the  hill  stations  of  India,  which  is  quite  inacceptable  on  a 
vegetational  basis. 


Effectiveness  of  precipitation  based  on  an  empirically  determined  Precipitation  Eva- 
jmration  ratio,  led  him  to  differentiate  on  the  basis  of  the  reasonably  well  defined  range  of 
Fo!el?  r  ’  ve  generally  recognized  physiognomic  vegetation  types,  viz..  Rain  Forest, 
in  ’  teppe  and  Desert.  Variations  in  seasonal  distribution  of  the  rainfall 

TH?RNTOWATEl“-t“‘‘  aUo  clearly  produce  .uperimp„s.d  effec. 

of  lemZLure  P  E  auH  T?  'VP^  '■"der  given  condi.ioM 

p«(ru™°d»!l'™y'be lILderThel^'''^ ‘'"'“'''‘"S 

evapotranspiration  naturaify  depends  oT.h"  “"a  b'orfmatic  methods.  Although 
of  vegetation,  he  uses  the  concept  of  note  r""'’’  “‘'S'''’''''' 

by  vario„; UkerlTd-Z^^  Pf  vegetation.  It  ha,  been 

being  that  prepared  by  SUBrI^HMAnS  0«6i°  Th*‘“'l'''' ^ 

THWAITE’s  types  On  th  k  i  stations  departing  significantly  from  THORN- 
5-7  m&CM  ’  of  vegetation  t^. 
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better  than  those  mentioned  earlier.  It  may,  however,  be  said  with  TURNER  (1961) 
that  the  complex  nature  of  the  relationships  between  evaporative  processes  and  plant 
behaviour  remain  to  be  worked  out  and  that  attempts  to  picture  relationships  between 
evaporation  zind  forest  types  must  necessarily  be  painted  with  a  broad  brush. 

I  I 

SHANBHAG  (1958)  has  evolved  a  method  of  differentiating  humid  and  arid  clima¬ 
tes  based  on  thermodynamic  principles,  especially  the  relation  between  rise  in  temperature 
and  speed  of  chemical  reaction  and  on  the  supposition  that  30°G  marks  a  critical  boundary 
below  which  growth  stimulating  factors  are  dominant  and  above  which  inhibiting  factois 
come  into  play.  This  specially  recognizes  the  role  of  high  temperatures  in  limiting  active 
growth.  The  resulting  map  shows  the  dry  climatic  zones  more  or  less  satisfactorily. 


EMBERGER’s  (1955)  formula  for  bioclimatic  types 


P  X  100 

Q.  = -  where  P  is  precipitation  in  mm.,  M  the  average  maxi- 

{M+m)  (M — m) 

'  ’1  J  ■  '  ■ 

2 

mum  temperature  of  the  hottest  month  and  m  the  average  minimum  temperature  of 
the  coldest  month  in  degrees  centigrade,  has  been  used  by  SETH  and  KHAN  (1959} 
but  instead  of  plotting  ‘Q.’  against  m  they  plot  it  against  (M — m)’.  Only  the  dry 
zones  have  been  shown  in  their  map  of  India  in  which  four  Northern  continental  types 
and  five  Southern  peninsular  types  have  been  distinguished  with  reference  to  the  line 
joining  the  intersection  of  the  axes  by  the  lines  Qj=22  and  m  {M  m)  =  400.  The 
extension  of  the  Southern  types  well  above  the  tropic  in  the  western  portion  is  brought  o'ut 
but  otherwise  there  is  no  significatt  correspondence  with  existing  vegetation. 


The  importance  of  the  seasonal  distribution  of  rainfall  has  been  emphasized  by  SETH 
(i960)  in  his  analysis  of  climatic  types  in  the  dry  zone  of  India.  The  product  of  number  of 
rainy  days  and  rainfall  are  separately  computed  for  the  summer  and  winter  seasons  and 
plotted  on  coordinate  paper  to  yield  an  Isopluviogram  on  which  annual  rainfall  classes 
are  distinguished  on  the  basis  of  the  relative  importance  of  summer  and  winter  precl. 
pitation  patterns.  Detailed  comparison  with  vegetation  types  has,  however,  not  been  a^ 

tempted. 

In  the  same  class,  the  climatic  indices  proposed  by  SCHMIDT  and  FERGUSSON 
(ratio  ofdry  to  wet  days)  and  GINDEL  (rainfall  X  rainy  days,  divided  by  evapmation) 

may  also  be  cited. 


G\USSEN’s  (see  1959)  systeoi  of  difTerentiating  hio-climatic  types  on  the  tet^era 
ture,  rainfall  and  duration  of  the  dry  period(s)  also  belongs  to  th.s 
type,  have  been  differentiated  for  India  and  although  co, relations  are  established  w  th 

the  soil  and  vegetation  types,  and  pUsM^i.e.  the  ‘steady  state  o  ^ 

attained  under  conditions  of  no  interference  in  a  period  of  too  years  or  so),  p  ly 
emphasis  is  on  moisture  availability  a,  conditioned  by  the  climatic  pattern.  Names  have 
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been  assigned  to  bioclimates  thus  differentiated  but  terms  such  as  “attenuated  thermo- 
\eroghimenic”  arc  unlikely  to  be  adopted  in  practical  use.  The  bioclimatic  maps  of 
GAUSSEN,  LEGRIS  and  VIART(i96i)  in  process  of  being  extended  to  cover  the 
whole  of  India  will  none  the  less  be  of  permanent  value  to  ecologists. 

Finally  recent  attempts,  notably  those  of  WECK  (1955)  and  PATERSON  (1956) 
to  assess  the  productivity  of  forests  on  the  basis  of  climatic  factors  may  be  mentioned.  It  is 
assumed  that  the  total  (optimal)  productivity  is  a  function  of  light,  temperature  and  mois¬ 
ture  conditions  which  are  climatically  determined,  and  as  a  ‘climax’  is  taken  to  be  a  steady 
state  in  which  maximum  productivity  is  maintained  in  relation  to  the  factors  of  environ¬ 
ment,  it  follows  that  productivity  indices  may  show  reasonable  correlation  with  climax 
types.  Revised  climato-isophytes  (lines  joining  points  of  equal  productivity)  prepared 
from  the  latest  data  according  to  PATER.SON’s  method  show  goed  agreement  with  the 
limits  of  distribution  of  the  arid,  dry  and  moist  forest  belts;  in  fact  there  is  reasonably  good 
correlation  between  certain  climato-isophytic  zones  and  the  occurrence  of  stabilized 
forest  type  like  Thorn  forest,  'bry  and  Moist  Teak,  Moist  Peninsular  Sal,  etc. 


P.\TERSON’s  formula  is 


Tv 


I  = 


P  X 


X 


Wnerc 


Ta  100  12 

(i)  Tv  is  Mean  Temperature  of  hottest  month  in  °C. 

(ii)  Ta  is  difference  between  Mean  Temperature  of  the  hottest  and  the  coldest 
month. 

(iii)  P  is  annual  Precipitation  in  millimetres. 

(iv)  E  is  Evapotranspiration  Intensity  (evaluated  from  Milankovitch’s  equation, 

being  the  radiation  at  the  pole  as  %  of  that  at  the  latitude  of  the 
station). 

(v)  G  is  Growth  Period  in  number  of  months  (for  cold  climates,  the  number  of 

months  with  a  mean  temperature  equal  to  or  higher  than  s^C;  for  warm 

1 2P 

climates,  humid  months  with  de  Martonne’s  aridity  index _ _ 

exceeding  20).  T-j-10 

(i)  a  >d  (U)  accent  for  hea,,  (iii)  for  humidity,  (iv)  for  potential  evapotranspiration 

and  (V)  for  length  of  grow, ng  season;  these  factors  conditioning  the  vegetation  as  well 
as  Its  potential  productivity,  for  a  region.  ^ 

The  inadequacy  of  purely  climatic  formulae  in  delimiting  vegetation  types  is  apparent 

because  as  pointedly  observed  bv  BEADI  F  I'm-, ^  tiaaa  11  i-  ^  ^ 
governedbytheavaLbilityofspLfosanJtL  ’  ^  n  P™'"' 

action,  betLn  plant  life  and  enZn“  „  adaptatmns,  quite  apart  from  inter- 

tion,  of  the  Eucalyptus  genus  to  ararM,,,:  o’'  c  ' 

to  cold  eonditiom,  the  hee-ur  at  steS  '  ZTJ  T  “''’  v'’  " 

a  ■  u  Similar  latitudes  in  Australia  and  North  Am#*.-: 

at  about  2,000  metres^and  3,000  metres  respectively.  America  is 
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(c)  Classifications  based  mainly  on  Eco-System 


Important  classifications  which  give  sufficient  weightage  to  both  vegetational  and 
climatic  factors  are  few,  the  most  notable  being  those  of  BURTT-DAVY,  SWAIN  and 
GAUSSEN.  The  classification  used  in  the  present  work,  both  in  the  original  and  in  the 
revised  version,  also  belongs  to  this  type. 


BURTT-DAVY  (1938),  having  a  very  wide  knowledge  of  African  vegetation,  was 
of  opinion  that  disregarding  floristic  differences,  it  should  be  possible  to  draw  up  a  classi¬ 
fication  of  general  application  to  tropical  forests  that  would  meet  the  facts  and  require¬ 
ments  better  than  those  of  SGHIMPER  and  WARMING.  A  classification  based  largely 
on  African  experience  and  on  CLEMENT’S  theory  of  succession  had  already  been  publi¬ 
shed  (TANSLEY  and  CHIPP,  1926).  BURTT-DAVY’s  greatest  difficulty  was  to  coordi¬ 
nate  the  extensive  open  grassy  “savannah”  types  of  Africa  with  their  counterpart  in  Asia, 
the  conclusion  reached  being  that  only  the  Tropical  Dry  Deciduous  type  of  our  Preli¬ 
minary  Classification  could  be  approximately  equated  with  it.  His  main  divisions  (‘for¬ 
mations’)  are  in  close  agreement  with  the  1936  proposals  for  India  being  independent 
of  floristics,  but  he  treats  swamp  and  littoral  types  as  Moist  Edaphic  formations  with  status 
little  inferior  to  that  of  his  Moist  climatic  formations. 


SWAIN’s  (1938)  classification  evolved  for  Australia  has  been  tested  but  does  not 
em  to  be  wholly  applicable  to  other  regions.  Thus  KOELMEYER  (1957*58)  dealing 
*^’th  forest  types  of  Ceylon  essentially  similar  to  those  in  parts  of  India,  concludes  that 
Tthoueh  it  expresses  the  distribution  of  vegetation  in  Ceylon  more  satisfactorily  than  either 
u  i^OPPEN  or  iqqi  THORNTHWAITE  classification,  there  are  reasons  to  doubt  the 
validily  of  the  limits  used  to  separate  various  zones.  He  Ends  thatthe  1948  THORNTH¬ 
WAITE  classification  expresses  the  vegetational  patterns  more  effectrvely  than  others. 

KUCHLER's  (1949)  system  is  based  on  life  forms  and  KOPPEN's  climatic  types 
with  letters  as  symbols  for  various  groups  to  facilitate  mapping.  There  does  not  seem  to  be 
nec«arily  valid  relation  between  the  vegetation  types  and  the  chmat.c  categories 

under  which  they  have  been  brought  together. 

PURI  (1960)  clarification  put  for- 

/fm  Into  in  1936  and  here  under  revision,  revises  it  in  several  respects  whicl^^call 
T  dderatton  He  considers  that  there  is  no  justification  for  separating  the  noHhern 
for  cons  derat  iations  differences  might  be  due  to 

and  southern  vegetation  changes  occur  more  in  an  east-west 

biotic  or  e  p  acceptable.  He  also  ossomM  that 

'‘"“n  °  arters  of  the  dry  deciduous  thorn  and  dry  evergreen  types  are  ascribable  to 
“‘'  femrand  not  to  climatic  differences  :  this  assumption  is  also  not  acceptable, 
bionc  factor,  »n  characters  m  question  are 

f  accentuated  by  biotic  factors,  and  the  area  occupied  by  these  types  ha,  been 
®'dT "xtendetl  by  theiLction.  He  also  prefers  to  transfer  types  treated  as  recogn«able 
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stages  in  the  primary  sere  to  his  category  ofedaphic  pre-climaxes.  This  is  largely  a  question 
of  nomenclature  depending  on  the  weightage  given  to  the  largely  unknown  time  factor 
in  successional  change,  but  some  of  the  types  in  question  are  being  put  in  a  separate 
category  of  Swamp  forests  in  this  revision.  Finally  there  is  a  differentiation  of  subsidiary 
from  primary  edaphic  types  which  is  difficult  to  follow,  and  of  biotic  types  still  more 
difficult  to  distinguish  from  the  secondary  edaphic  group. 


CHAPTER  V 


THE  REVISED  CLASSIFICATION 


BOURNE  (1934)  in  a  review  of  the  provisional  classification  expressed  his  con-^ 
viction  that  some  of  the  type  accorded  climax  status  owed  their  existence  entirely  to 
biotic  factors.  On  further  consideration  of  this  possibility,  the  conclusion  has  been 
reached  that  he  has  gone  too  far  in  generalizing  from  the  particular  in  arguing  for 
example  that  because  a  certain  type  of  deciduous  forest  has  demonstrably  been  derived 
from  an  evergreen  one,  all  deciduous  forest  in  the  same  climatic  region  must  have 
originated  this  way.  On  the  other  hand,  it  is  easy  to  go  over  with  him  and  many  other 
ecologists  to  the  polyclimax  theory  according  to  which  under  any  given  climatic  legime 
there  may  exist  a  number  of  climaxes,  one  for  each  major  site  type.  In  the 
extreme  case  such  as  on  a  sterile  quartzite  rock,  it  appears  impossible 
for  vegetation  to  progress  to  the  same  conditions  as  prevail  on  a  fertile  soil  derived 
from  igneous  rock,  no  matter  how  much  time  is  allowed,  and  a  strictly  mono¬ 
climax  theory  becomes  untenable,  but  many  intermediate  positions  are  possible. 
The  case  of  mangrove  forest  has  already  been  mentioned;  it  is  unquestionably  serai 
so  that  to  call  it  climax  is  a  contradiction,  and  yet  it  appears  stable.  On  the  whole 
it  would  appear  that  neither  the  mono-  nor  the  polyclimax  theoiy  enUrely  fits  the 
known  facts  regarding  the  distribution  ol  vegetation  units  and  their  stability  in  space 
and  time,  and  the  available  evidence  would  best  accord  with  ‘climax’  vegetation 
considered  as  a  pattern  of  populations  corre' ponding  to  the  pattern  of  environmental 
gradients,  occurring  as  a  partially  stabilized  ‘steady  state’.  The  concept  has  been 
admirably  dealt  with  by  WHITTAKER  (1953)-  distinguishing  the  types  m  the 
present  revised  classification  sufficient  weightage  has  been  given  to  this  view. 


BURTT-DAVY  (1938)  and  others  have  objected  to  the  use  of  the  term 
“temperate”  for  the  montane  forests  of  the  tropics  on  the  grounds  that  the  similarity 
i,  restricted  to  the  temperature  regime  and  does  not  extend  to  the  different  ig 
conditions  nor  the  typical  monsoon  climate  of  most  tropical  mountains.  Whilst  fuly 
recognizing  these  differences,  there  appears  to  be  little  justification  for  forcing 

point. 

There  has  naturally  also  been  eritleism  of  the  use  of  mixed  eriteria.  As  has 
hern  Indicated  a  ?ood  part  of  this  is  more  apparent  than  real  and  can  fmrly  be  a  tri- 

ru^amL  lich^f  suLhle  terms,  f,  ^  rn.radt^^^^ 

'‘t;iTwrrs’’”me“ere::err 

ecological  writers.  with  n  minimum  of  likelihood  of  misunderstand- 

't"offeU"rth“  TtuXs  aiemade,  1.  will  become  possible  to  correct,  im- 

prove  and  extend  this  still  provisional  scheme, 
r  42 
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,  Taking  into  account  the  additional  information  now  available  and  the 
made  on  the  1936  Preliminary  Classification,  it  has  been  decided  that  there  is 
to  be  gained  from  making  any  large  changes  either  in  form  or  nomenclature.  Ac- 
.cordingly  the  original  framework  is  retained  and  the  only  significant  change  in  arrange¬ 
ment  has  been  to  bring  together  the  types  associated  with  sites  in  which  the  soil  is 
subject  to  excessive  wetness  either  continuously  or  for  periods  long  enough  to  have 
a  marked  effect  on  the  vegetation.  In  this  we  are  following  BEARD  and  other 
authors.  These  types  in  question  were  classified  before  as  stages  in  primary  seres. 

At  the  same  time,  all  the  types  set  up  have  been  critically  re-examined  in  the 
light  of  all  available  data  to  recognize  the  nature  and  extent  of  the  effects  of  the  biotic 
factors  which  unquestionably  have  influenced  practically  all  of  them.  This  scrutiny 
has  resulted  in  the  transfer  of  several  from  climax  status  to  that  of  srtages  in  secondary 
seres,  or  to  a  new  category  of  degradation  stages. 


are 


■  Degradation  Stages 

Forests,  whether  of  climax  status  or  at  any  stage  in  primary  or  secondary  seres 
_  liable  to  be  degraded  to  varying  degrees  through  biotic  influences,  notably  ex¬ 
cessive  grazing,  lopping  for  fodder,  green  manure  or  fuel,  and  unregulated  fellings 
(often  after  girdling)  for  timber,  poles  and  fuel.  Such  action  is  often  selective  being 
concentrated  on  the  species  most  valued  for  the  sev^eral  purposes,  not  rarely  to  the 
extent  of  virtual  elimination  of  the  desirable  species,  but  bearing  lightly  on  the  un¬ 
palatable  ones  and  those  least  acceptable  as  timber  or  fuel;  seedling  stages  are  parti¬ 
cularly  exposed  to  extermination.  The  process  is  also  influenced  by  the  very  varying 
powers  of  resistance  of  individual  species  to  these  treatments  enabling  the  hardiest 
at  least  to  survive  whilst  the  more  susceptible  are  exterminated.  Thus  in  the 
Quercus  incana  type  exposed  to  these  adverse  influences,  the  exceptionally  hardy  oak 
itself  persists  when  all  its  associates  except  Rhododendron  arboreum  and  Lyonia  ovali^ 
folia  have  been  killed  out,  these  two  species  also  persisting  as  they  are  not  eaten  by 
cattle  and  are  of  very  poor  fuel  value.  In  the  extreme  case,  even  the  oak  may  succumb, 
leaving  an  open  pure  stand  of  Rhododendron.  Over-grazing  and  tree  destruction  beinp 
usually  combined,  all  trees  may  be  eliminated-— and  with  them  often  all  possibility 
of  natural  regeneration—  and  shrub  formations  are  left,  being  typically  of  a  few  un¬ 
palatable  {Adhatoda,  Skimmia)  or  thorny  {Carissa,  Zizyphus)  species.  Sometimes 
fonM  preserved  owing  to  their  special  value  for  human 

verv  Z  U  damage  or  destruction.  Thus  Madhuca  has 

Wdfrdr  ^  "Whilst  Acacia  leucophloea  and  Prosopis  spicigera 

standards  are  often  preserved  for  lopping  over  low  scrub  of  Ziz^fhus,  etc  fnd 

S,  iflir  I*'  maintained  for  lonn 

in  turn.  As  tage'''®ar"as  oTd!is"'irr  "T  ‘'”"■'>>■''1''=® 

Sfc  or'iH  “  ^1‘fferentiate  and  describe  the  L  e  charW 

.Stic  of  them.  They  will  be  described  as  “Degradation  Stages”  or  DS 
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Degradation  of  the  vegetation  will  always  be  accompanied  by  a  degree  of  exposure 
and  desiccation  of  the  site  to  the  disadvantage  of  the  more  mesophytic  species  and 
regeneration  by  seed.  The  process  will  be  reversed  if  protection  is  extended  to  de¬ 
graded  types  and  they  will  develop  as  secondary  seres.  Finns  wallichiana  has  in  this 
way  often  colonised  scrub  land  which  originally  carried  coniferous  or  broadleaved 
forest;  Finns  roxbnrghii  has  similarly  invaded  degraded  forests  which  must  have 
originally  been  evergreen  oaks  or  mixed  coniferous  and  dry  deciduous  trees. 

(a)  APPLICABILITY 

The  classification  given  on  p.  48  must  be  prefaced  by  a  few  general  remarks 
to  prevent  an  unjustifiably  rigid  interpretation.  The  vegetation  is  determined  by  a 
great  many  factors  simultaneously  at  play  and  all  attempts  at  a  formula  for  an  arrange¬ 
ment  in  a  single  series  have  failed  to  meet  requirements.  After  such  obvious  limiting 
factors  as  frost,  longlying  snow,  fresh  and  saltwater  inundations  etc.,  have  been  ex¬ 
cluded,  moisture  conditions  during  the  growing  season  are  evidently  the  most  important 
item  in  determining  the  type  of  vegetation  which  can  exist;  but  neither  rainfall  alone 
nor  atmospheric  humidity  indicates  the  availability  of  the  moisture  for  growth,  many 
other  factors  among  which  the  soil  is  predominant  also  coming  into  play.  In  this 
way,  the  familiar  2,000  mm.  rainfall  limit  for  rain  forest,  whilst  correct  in  a  very 
general  way.  Is  open  to  the  exceptions  of  the  occurrence  of  the  type  with  only  1,250 
mm.  of  rain  under  very  favourable  conditions  and  its  absence  with  even  5,000  mm. 
unsuitably  distributed  when  it  is  associated  with  either  a  very  porous  or  an  imper¬ 
vious  soil.  The  figures  given  for  rainfall,  temperature  and  altitude  refer  accordingly 
only  to  the  typical  occurrences  and  will  only  be  applicable  to  individual  habitats 
when  other  conditions,  notably  distribution  of  rainfall,  soil  and  aspect,  are  near  the 
average.  Beyond  this  stage,  the  vegetation  itself  is  a  better  integration  of  the  climatic 
conditions  than  any  available  numerical  data.  It  has  already  been  mentioned  but 
needs  to  be  stressed  that  whereas  the  greater  part  of  the  forests  can  be  allotted  fairly 
easily  to  one  or  other  of  the  types  differentiated,  a  considerable  area  is  naturally  occu¬ 
pied  by  transitional  forms  (cf.  Plate  70).  Over  restricted  tracts,  such  transitions  may 
predominate  as  also  where  topography  and  soil  are  very  variable,  but  the  classification 
will  still  be  fulfilling  its  intended  purpose  if  it  is  possible  to  indicate  the  types  compounded 
in  the  transition.  The  gradation  between  luxuriant  tropical  evergreen  forest  and 
mainly  deciduous  types  is  very  complete,  but  for  practical  purposes  recognition 
of  intermediate  stages  is  essential. 

(b)  THE  MAJOR  GROUPS 
Tropical  Forests 

As  has  been  seen  above,  most  authorities  agree  in  subdividing  the  vegetation  of 
the  tropical  zone  on  a  basis  of  moisture  conditions,  into  a  series  of  successively  drier 
climatic  types  as  follows  : 

Evergreen  forest;  Deciduous  forest;  Savannah;  Thorn  forest;  Steppe. 
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In  India  it  seems  very  doubtful  if  there  are  any  examples  of  tropical  climax 
grassland,  though  grassland  is  common  enough  as  a  secondary  serai  stage  and  it  may 
be  a  stable  ‘preclimax’  under  the  influence  of  fire  and  grazing. 

The  typical  climax  savannah  type  of  other  countries  is  also  apparently  absent,  clos¬ 
ed  deciduous  forest  grading  in  to  thorn  forest  without  any  open  grassy  park-like  stage  in 
the  absence  of  biotic  influences;  on  the  other  hand  ‘savannah’  as  a 

fairly  frequent.  The  term  ‘savannah’  applied  to  climate  is  however,  used  by  KOPPEN 
and  others  for  all  tropical  climates  with  a  definite  dry  season,  whatever  the  nature  of 
the  vegetation. 

A  study  of  the  climates  and  forests  of  India  leaves  one  with  the  conviction  that  whilst 
some  differences  can  be  found  between  the  tracts  north  and  south  of  the  Tropic  of  Cancer, 
they  are  much  less  striking  than  the  resemblances,  and  this  uniformity  is  seen  in  floristic 
composition  as  well  as  in  growth  form.  It  is,  therefore,  unreasonable  to  make  any  primary 
subdivision  of  the  land  south  of  the  Himalayas  on  a  basis  of  latitude  or  temperature  for 
distinguishing  the  main  type-groups,  though  this  is  a  useful  step  as  a  later  stage,  the 
more  so,  the  molster  the  type. 

The  following  seven  type-groups  are  recognised: — 

Tropical  Forests 

Dense  tall  forest,  entirely  evergreen  or  nearly 
so. 

Dominants  include  deciduous  species  but 
evergreens  predominate. 


I .  tFift  evergreen  forests 
a.  Stmi-eoer green  forests 


3.  Moist  deciduous  forests 


.  .  .  .  Dominants  mainly  deciduous  but  sub* 

dominants  and  lower  storeys  largely 
evergreen.  Top  canopy  rarely  dense  and 
even,  but  over  35  m.  high. 

. Mainly  evergreen,  of  varying  density  and 

height,  but  always  associated  predomi* 
nantly  with  wetnets. 

. Entirely  deciduous  or  nearly  so.  Top 

canopy  rather  light  and  rarely  over  25  m. 
high,  usually  8-20  m. 

•  •  •  •  •  Deciduous  with  low  thorny  trees  and  xero- 

phytes  predominating.  Canopy  more  or 
less  broken.  Height  under  10  m. 

. Hard  leaved  evergreen  trees  predominate 

with  some  deciduous  emergents,  often 
dense,  but  usually  under  20  m.  high. 

foum.  .„d  .he  1..  ca„  be 

drier  the  type.  The  difference  is  tn  ,  ’  difference  becoming  less  obvious  the 

evergreen  fo.es. 

rlsticsasto^requheseprrT^^^  pronounced  charactc- 

mdependently  of  the  main  climatic  types,  though 


4.  Littoral  and  swamp  forests 


5.  Dry  deciduous  forests 


6.  Thorn  forests 


7.  Dry  evergreen  forests 
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ecologically  they  may  be  viewed  as  stages  in  natural  successions  or  as  edaphic  preclimaxes. 
They  have  been  brought  together  for  convenience  under  category  4  above,  and  comp¬ 
rise  : — 


A.  Littoral  forests  . 

Tidal  swamp  forests 

C.  Freshwater  swamp  forests 

D.  Seasonat  swamp  forests  . 


E.  Riverain  fringing  forests 


On  coastal  sand,  usually  serai  to  i  or  2 
and  somewhat  resembling  2. 

On  estuarine  mud,  serai  to  any  of  the  other 
types. 

On  wet  alluvium,  serai  to  1-3  or  5  and 
resembling  2. 

On  alluvium  in  which  the  seasonal  sub¬ 
mersion  is  the  dominant  influence  although 
the  soil  may  become  relatively  dry  for 
part  of  the  year. 

Along  stream  sides  where  subsoil  water  is 
available  throughout  the  year. 


These  forests  are  predo.nina  itly  evergreen  though  often  more  or  less  xerophytic  owing 
to  physiological  dryness;  the  riverain  fringing  forest  includes  a  varying  proportion  of 
deciduous  species  and  is  in  a  sense  transitional  to  dry  land  types,  though  floristically  it 
comprises  a  number  of  characteristic  species. 

Montane  Subtropical  Forests 

In  India,  subtropical  temperatures  are  determined  more  by  altitude  than  by  lati¬ 
tude  and  are  characteristically  developed  in  the  hilly  tracts.  There  is  no  major  change 
in  the  vegetation  north  and  south  of  the  Tropic  of  Cancer  nor  at  any  higher  latitude  before 
the  foot  of  the  Himalayan  Range.  The  subtropical  zone  is  accordingly  most  conveniently 
considered  as  transitional  from  the  tropical  to  the  temperate  zone  and  is  sometimes  hardly 
distinguishable  either  in  form  or  composition  from  one  or  the  other.  With  a  moderate 
summer  monsoon  rainfall,  it  seems  quite  well  defined  in  the  West  and  Central  Himalayas 
as  the  chir  pine  belt,  whilst  with  a  low  rainfall  largely  in  the  winter  a  fairly  characteristic 
subtropical  dry  evergreen  forest  is  developed  in  the  plains  and  low  hills  of  the  N.W.  .With 
a  heavier  summer  rainfall,  a  subtropical  belt  is  still  apparent  in  the  East  Himalayas  between 
the  tropical  vegetation  and  the  temperate  oak  forest  :  in  Assam  the  tendency  for  the  oak 
forests  to  extend  right  down  without  a  break  is  even  more  marked  and  makes  differen¬ 
tiation  almost  impossible.  In  the  South  Indian  hills,  there  seems  to  be  no  real  break 
between  tropical  and  definitely  temperate  types,  only  a  falling  off  in  the  luxuriance, of  the 
forest.  Floristic  changes  are  discernible  but  there  is  no  characteristic  subtropical  flora, 
only  an  overlap  of  predominantly  tropical  and  predominantly  temperate  floras.  The  small 
range  ofdaily  and  seasonal  temperature  characteristic  of  regions  near  the  equator  evidently 
comes  into  play  here,  and  the  floristic  differences  are  traceable  to  the  past  history  of  plant 
migration.  With  relatively  low  rainfall,  the  tropical  deciduous  type  extends  right  up  to 
the  temperate  evergreen  —  thus  sal  overlaps  ban  oak. 
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The  following  three  main  type-groups  are  recognised: 


I.  Subtropical  broadleaved  hill  forests 


(Southern  and  Northern  forms), 
leaved  largely  evergreen  high  forest. 


Broad- 


2.  Subtropical  pine  forests . associations  predominate. 

’  ''i.  Subtropical  dry  evergreen  forests  ....  Low  xerophytic  forest  and  scrub.  • 

Except  for  occasional  landslips  and  narrow  strips  of  alluvium,  new  ground  rarely 
occurs,  so  that  degradation  stages  are  commoner  than  serai  ones.  Secondary  seres  take  the 
savannah  form.  .  .  •  .» 

Montane  Temperate  Forests 

The  South  Indian  hills  differ  markedly  and  significantly  from  the  Himalayan  area 
in  the  small  annual  range  of  monthly  mean  temperature,  which  is  under  8°  C  (  only  19°  to 
23°,  or  4°  C,  at  Mahabaleshwar,  at  1,378  rn.,  and  13“  to  19°  C  or  6°  C,  at  VVellingtpn  at 
1, 890  m.),  as  compared  with  9°C  or  considerably  more  for  the  latter  ( Ranikhet  at  1,859  m. 
range  8°  to  22°  or  14°  G,  and  Shillong  at  1,491  m.,  range  4°  to’i6°  or  12°  C).  The  distri¬ 
bution  of  rainfall  in  the  South  is  also  different,  reaching  its  maximum  in  October  instead 
of  June  or  July,  but  all  the  stations  for  which  records  are  available  have  a  3  or  4-month 
dry  winter  period  with  a  monthly  rainfall  of  less  than  50  mm.  (e.g.  Darjeeling,  Shillong, 
Oitacamund),  falling  rather  earlier  to  the  North  and  West  than  in  the  South  and  East; 
this  latter  difference  would  hardly  affect  the  nature  of  the  vegetation. 

The  northern  montane  temperate  forests  seem  to  be  besi  classified  by  the  rainfall 
during  the  season  of  vegetative  activity  which  may  be  taken  as  roughly  the  months  with 
mean  temperature  over  i3°G.  Three  stages  are  distinguishable,  two  of  them  mainly  coni¬ 
ferous,  though  broadleaved  trees  (either  evergreen  oaks  or  mixed  deciduous  species) 
are  often  associated  with  the  conifers,  only  the  wettest  type  being  predominantly  broad- 
’caved  e/ergreen. 

Three  type-groups  are  recognised : 

Montane  Temperate  Foresps 

i.  Montane  wet  temperate  forests  ....  Evergreen  forest  without  conifers. 

^.Himalayan  moist  temperate  forests  ....  Evergreen  forest,  mainly  sclcrophyllous  oaks 

and  conifers. 

3.  Himalayan  dry  temperaU  forests  ....  Open  coniferous  forest  with  sparse  xcrophy- 

tic  undergrowth. 


The  montane  wet  temperate  forest  occurs  in  markedly  different  northern  and  sou 

them  forms  whilst  the  others  occur  only  in  the  Himalayas  but  differ  considerably  accord 
mg  as  to  whether  the  conifers  or  the  broadleaved  trees  predominate.  As  in  the  raontan. 
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sub-tropical  zone,  primary  and  secondary  seres  are  of  small  extent  though  degradation 
stages  may  cover  large  areas.  Soil  variations  determine  both  the  detailed  distribution  of  asso¬ 
ciations  and  the  balance  between  drier  and  moister  types,  but  rarely  result  in  the  develop¬ 
ment  of  markedly  different  types. 

Alpine  conditions  are  only  met  with  in  the  Himalayas  and  connected  ranges.  Above 
the  timber  limit,  high  forest  is  replaced  by  alpine  scrub  varying  in  form  with  the  available 
moisture  supply. 


Sub-Alpine  Forests 

t.  Sub~alpiM  Jotesls  Stunted  deciduous  or  evergreen  forest  usually 

in  close  formation  with  or  without  coni¬ 
fers. 


Alpine  Scrub 


I.  Moist  alpine  scrub  ......  Low  but  often  dense  scrub. 

a.  Dry  alpitu  scrub  .  .  .  .  .  Xerophytic  shrubs  in  open  formation. 


REVISED  CLASSIFICATION  OF  INDIAN  FOREST  TYPES 
I—  MOIST  TROPICAL  FORESTS 


Sub-group 

Ci 

Ca 

Ei 

C3 

C4 

Sub-group 

Ci 

Ca 


C3 


Group  i — Tropical  Wet  Evergreen  Forests 


I A — Southern  tropical  wet  evergreen  forests  : 

(Giant  evergreen  forests) 

Andamans  tropical  evergreen  forest 
(Andamans  moist  deciduous  forests) 

Southern  hilltop  tropical  evergreen  forest 
West  Coast  tropical  evergreen  forest 

\B — Northern  tropical  wet  evergreen  forests  : 

Assam  Valley  tropieal  wet  evergreen  forest  {Dip- 
terocarpus) 

Upper  Assam  Valley  tropical  evergreen  forest 

(a)  Kayea  forest 

(b)  Mesua  forest 

Cachar  tropical  evergreen  forest 


(P.  62) 

(P.  63;  Pis.  I,  2) 
(P.  64) 

(P.  64) 

(P.  65  ;  Pis.  3, 4,  5) 


(P.  76;  PI.  6) 


(P.  77) 
(P-  77) 
(P.  77) 
(P.  78) 


General  edaphic  and  serai  types  of  wet  evergreen  forests  : 

El  Cane  brakes 

Ea  Wet  bamboo  brakes 

2S1  Pioneer  Euphorbiaeeous  scrub 


(P.  79;  cf.  PI.  33) 
(P.  80;  PI.  7) 

(P.  80;  cf.  PI.  27) 
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Group  2 — Tropical  Semi-Evergreen  Forests 
Sub-group  2  A—  Southern  tropical  semi-evergreen  forests  : 


Gi 

Andamans  semi-evergreen  forest 

(P.  85;  Pis.  8,9) 

G2 

West  Goast  semi-evergreen  forest 

(P.  85;  PI.  10) 

C3 

Tirunelveli  semi-evergreen  forest 

(P.  87) 

2S1 

West  Goast  secondary  evergreen  Dipterocarp  forest 

(P.  87;  PI.  ii) 

Sub-group 

2B — Northern  tropical  semi-evergreen  forests  : 

Gi 

Assam  Valley  semi-evergreen  forest 

(P-  92) 

la 

Assam  alluvial  plains  semi-evergreen  forest 

(P.  92;  PI.  12) 

lb 

Eastern  submontane  semi-evergreen  forest 

(P.  94) 

iSi 

Sub-Himalayan  light  alluvial  semi-evergreen  forest 

(P-  95) 

1S2 

Sy^ygium  parkland 

(P.  96) 

2S1 

(Pioneer  Euphorbiaceous  scrub) 

(P.  96) 

2S2 

Eastern  alluvial  secondary  semi-evergreen  forest 

(P.  96) 

2S3 

Sub-Himalayan  secondary  wet  mixed  forest 

(P.  98;  PI.  13) 

G2 

Gachar  semi-evergreen  forest 

(P-  99) 

G3 

Orissa  semi-evergreen  forest 

(P.  100;  PI.  14) 

General  edaphic  and  serai  types  of  semi-evergreen  forests  : 
Ei  (Cane  brakes)  . 

E2  (Wet  bamboo  brakes) 

E3  Moist  bamboo  brakes 

E4  Lateritic  semi-evergreen  forest 

2S1  Secondary  moist  bamboo  brakes 


(P.  lOl) 

(P.  loi) 

(P.  lOi ;  cf.  PI.  7) 
(P.  102) 

(P.  102) 


Group  3 — Tropical  Moist  Deciduous  Forests 


Sub-group  — Andamans  moist  deciduous  forests  : 

Gi  Andamans  moist  deciduous  forest 

2S1  Andamans  secondary  moist  deciduous  forest 

Sub-group  South  Indian  moist  deciduous  forests  : 

Gi  Moist  teak-bearing  forest 
I  a  Very  moist  teak  forest 
lb  Moist  teak  forest 
ic  Slightly  moist  teak  forest 
G2  Southern  moist  mixed  deciduous  forest 
aS  I  Southern  secondary  moist  mixed  deciduous  forest 


(P.  103;  Pis.  15,  16) 
(P.  104;  PI.  17) 


(P.  Ill) 

(P.  1 12;  PI.  18) 

(P.  I  15;  Pis.  19,20) 
(P.  1 16;  PI.  21) 

(P.  1 17;  PI.  22) 

(P-  1 1 9) 
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Sub-group  3C — North  Indian  moist  deciduous  forests  : 

Gi  Very  moist  sal-bearing  forest 

I  a  Eastern  hill  sal  forest 

(i)  East  Himalayan  sal 

(ii)  Khasi  hill  sal 

Eastern  bhabar  sa\  forest 

(i)  East  Himalayan  upper  bhabar  sal 

(ii)  East  Himalayan  lower  bhabar  sal 
ic  Eastern  larai  sal  forest 

id  Peninsular  (coastal)  sal  forest 
C2  Moist  sal-bearing  forest 
2a  Moist  Siwalik  sal  forest 
2b  Moist  bhabai  sal  forest 

(i)  Bhabar-dun  sal 

(ii)  Damar  sal 

2c  Moist  tarai  sal  forest 
2d  Moist  plains  sal  forest 

(i)  Western  light  alluvium  plains  sal 

(ii)  App.  Chandar  sal 

(iii)  Eastern  hearty  alluvium  plains  sal 

(iv)  App.  Kamrup  sal 

2e  Moist  peninsular  sal  forest 

(i)  Moist  peninsular  high  level  sal 

(ii)  Moist  peninsular  low  level  sal 

(iii)  Moist  peninsular  valley  sal 
DSi  Moist  sal  savannah 

C3  Moist  mixed  deciduous  forest  (without  sal) 

3a  West  Gangetic  moist  mixed  deciduous  forest 

36  East  Himalayan  moist  mixed  deciduous  forest 

2S1  Northern  secondary  moist  mixed  deciduous  forest 
<  .  2S2  (Secondary  Euphorbiaceous  scrub) 

General  edaphic  and  serai  types  of  moist  deciduous  forests  : 

El  Terminalia  lomentosa  forest 

iSi  Low  alluvial  savannah  woodland  {Salmalia- 

Albizzia) 

■  1S2  Eastern  bollock  forests  (r^ramaha  m^riWflr/>a) 

2a  Terminalia-Lagerstroemia 

2b  Terminalia-Duabanga 

2S  i  (Dry  bamboo  brakes) 


(P.  127)  ' 

(P.  128) 

(P.  128) 

(P-  130) 

(P.  13D 

(P.  131;  PI.  23) 

(P-  133) 

(P-  134) 

(P-  135;  PI-  24) 
(P-  135) 

(P.  136) 

(P-  137) 

(P-  >37) 

(P.  138) 

(P-  139) 

(P-  >39) 

(P-  139) 

(P.  140) 

(P.  140) 

(P.  141) 

(P.  143) 

(P.  143;  PI.  25) 
(P.  144) 

(P-  145) 

(P.  146) 

(P-  >47) 

(P.  147;  PI.  26) 

(P-  149) 

(P-  150) 

(P.  151;  PI.  27) 


(P-  >5>) 

(P-  152) 

(P.  154) 

(P.  154;  PI-  28) 
(P-  154) 

(P-  >55) 
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Group  4— Littoral  and  Swamp  Forests 


Sub-group 

^A^Littcral  forests  : 

Li 

Littoral  forest 

(P- 

155; 

PI.  29) 

Sub-group  45 — Tidal  swamp  forests  : 

TSi 

Mangrove  scrub 

(P. 

163) 

TS2 

Mangrove  forest 

(P. 

164; 

PL  30) 

TS3 

Saltwater  mixed  forest  [Hcritiera) 

(P. 

165) 

TS4. 

Brackish  water  mixed  forest  {Heritiera) 

(P- 

166; 

PL  30 

Ei 

Palm  swamp 

(P- 

166; 

cf.Pl.  31) 

Sub-group  4C —  Tropical  freshwater  swamp  forests  : 

FSi 

Myristica  swamp  forest 

(P. 

167; 

PL  32) 

FS2 

Submontane  hill  valley  swamp  forest 

(P. 

167; 

PI.  33) 

FS3 

Creeper  swamp  forest 

(P. 

168) 

Sub-group  4Z) — Tropical  seasonal  swamp  forests  : 

SSi 

Eastern  seasonal  swamp  forest 

(P. 

169) 

SS2 

Barringtonia  swamp  forest 

(P- 

169; 

PL  34) 

SS3 

Syzygium  cumini  swamp  low  forest 

(P- 

170; 

PL  35) 

SS4 

Eastern  seasonal  swamp  low  forest  {Cephalanthus) 

(P. 

171) 

SS5 

Eastern  Dillcnia  swamp  forest 

(P. 

171) 

2S1 

{Syzygium  parkland) 

(P. 

172) 

2S2 

(Eastern  wet  alluvial  grassland) 

(P. 

172; 

PL  36) 

Sub-group  — Tropical  riparian  fringing  forests  : 

RSi 

Riparian  fringing  forest 

(P. 

173; 

PL  37) 

II— DRY  TROPICAL  FORESTS 


Sub-group 

Gi 

la 

lb 

G2 

G3 

Sub-group 

Ci 

\a 

lb 

1C 

C2 


Group  5 — Tropical  Dry  Deciduous  Forests 


5A — Southern  tropical  dry  deciduous  forests  : 
Dry  teak-bearing  forest 
Very  dry  teak  forest 
Dry  teak  forest 

Dry  red  sanders-bearing  forest 
Southern  dry  mixed  deciduous  forest 
5^  Northern  tropical  dry  deciduous  forests  : 
Dry  sal-bearing  forest 
Dry  Siwalik  sal  forest 
Dry  plains  sal  forest 
Dry  peninsular  sal  forest 
Northern  dry  mixed  deciduous  forest 


(P.  180) 

(P.  181;  PI.  38) 

(P.  182;  Pis.  39,  40) 
(P.  185;  PI.  41) 

(P.  185;  PI.  42) 


(P.  194) 

(P-  195;  PL  43) 

(P.  196) 

(P.  198)  ;> 

(P.  200;  Pis.  44,  45) 
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Degradation  stages  of  tropical  dry  deciduous  forests  : 


DSi 

Dry  deciduous  scrub 

(P.  205) 

DS2 

Dry  savannah  forest 

(P.  207) 

DS3 

{Euphorbia  scrub) 

(P.  208) 

DS4 

(Dry  grassland) 

(P.  209) 

General 

edaphic  types  of  dry  deciduous  forests  : 

Ei 

Anogeissus  pendula  forest 

(P.  210;  PI.  46) 

DSi 

Anogeissus  pendula  scrub 

(P.  212;  PI.  47) 

E2 

Boswellia  forest 

(P.  212;  PI.  48) 

F.3 

Babul  forest 

(P.  214;  PI.  49) 

E4 

Hardwickia  forest 

(P.  215;  PI.  50) 

E5 

Butea  forest 

(P.  215;  PI.  51) 

E6 

Aegle  forest 

(P.  216) 

Ey 

Laterite  thorn  forest 

(P.  217) 

E8 

Saline/alkaline  scrub  savannah 

(P.  218) 

8a 

Phoenix  savannah 

(P.  218;  PI.  52) 

Sb 

Babul  savannah 

(P.  219) 

Sc 

Salvadora-  Tamarix  scrub 

(P.  219) 

Eg 

Dry  bamboo  brake 

(P.  220;  PI.  53) 

General 

serai  types  of  dry  deciduous  forests  : 

iSi 

Dry  tropical  riverain  forest 

(P.  221;  cf.  PI.  37) 

1S2 

Khair-sissu  forest 

(P.  222;  PI.  54) 

I  S3 

Inundation  babul  forest 

(P.  224) 

2S1 

Secondary  dry  deciduous  forest 

(P.  225) 

Group  6 — Tropical  Thorn  Foresis 


Sub-group  e  A— Southern  tropical  thorn  forests  : 

Cl  Southern  thorn  forest 

C2  Karnatak  umbrella  thorn  forest 

DSi  Southern  thorn  scrub 

DSa  Southern  Euphorbia  scrub 


Sub-group  Northern  tropical  thorn  forests  : 

Cl  Desert  thorn  forest 

Ca  Ravine  thorn  forest 

DSi  Z^zyphus  %CTuh 

•-  DSa  Tropical  Euphorbia  scrub 


(P.  229;  PI.  55) 
(P.  232;  PI.  56) 
(P.  233) 

(P.  233;  PI.  57) 


(P.  239;  Pis.  58,  59) 
(P.  240;  PI.  60) 

(P.  242;  PI.  61) 

(P.  242;  PI.  62) 
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General 

Ei 

E2 

E3 

E4 

DSi 

iSi 


edaphic,  degraded  and  serai  types  of  thorn  forests  : 

{Euphorbia  scrub) 

(P. 

243) 

PI.  63) 

Acacia  Senegal  forest 

(P- 

244; 

Rann  saline  thorn  forest 

(P- 

244; 

Pis.  64,  65) 

Salvadora  scrub 

Cassia  auriculata  scrub 

(P. 

(P- 

244) 

245) 

j.(Pl.  66) 

Desert  dune  scrub 

(P* 

245; 

cf.  PI.  58) 

Group  7 — Tropical  Dry  Evergreen  Forests 

Ci  Tropical  dry  evergreen  forest  (P.  246) 

DSi  Tropical  dry  evergreen  scrub  (P.  250) 


in— MONTANE  SUBTROPIC.\L  FORESTS 

Group  8 — Subtropical  Broadleaved  Hill  Forests 


Sub-group  8 A — Southern  subtropical  broadleaved  hill  forests: 


Ci  Nilgiri  subtropical  hill  forest  (P.  254) 

DSi  South  Indian  sub-tropical  hill  savannah  (woodland)  (P.  255) 

Ei  Reed  brakes  {Ochlandra)  (P.  256;  PI.  67) 

C2  Western  subtropical  hill  forest  (P.  256) 

C3  Central  Indian  subtropical  hill  forest  (P.  257 ;  PI.  68) 

DS  (Degradation  stages  of  Southern  subtropical  broad-  (P.  259) 

leaved  hill  forests) 


Sub-group  8B— Northern  subtropical  broadleaved  wet  hill  forests: 

Gi  East  Himalayan  subtropical  wet  hill  forest 
G2  Khasi  subtropical  wet  hill  forest 
2S I  (Assam  subtropical  pine  forest) 

PS  I  (Assam  subtropical  hill  savannah  woodland) 

Group  9 — Subtropical  Pine  Forests 


(P.  260;  PI.  69) 
(P.  265) 

(P.  266) 

(P.  267) 


Ci  Himalayan  subtropical  pine  forest 

I  a  Lower  or  Siwalik  chir  pine  forest 

1  b  Upper  or  Himalayan  chir  pine  forest 
DS  i  Himalayan  subtropical  scrub 

DS2  Subtropical  Euphorbia  scrub 

C2  Assam  subtropical  pine  forests 

DSi  Assam  subtropical  pine  savannah 

Group  10— Subtropical  Dry  Evergree 
C I  Subtropical  dry  evergreen  forest 

I  a  Olea  cuspidata  scrub  forest 

I  b  Acacia  modesta  scrub  forest 

DS  I  Dodonaea  scrub 

6—7  FRI&.C/64. 


(P.  270) 

(P.  270;  PI.  70) 
(P.  272;  PI.  71) 
(P.  274) 

(P.  274;  PI.  72) 
(P.  274;  PI.  73) 
(P*  275) 

N  Forests 

(P.  276) 

(P.  276) 

(P.  277  ;  PI.  74) 

(P-  277) 
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IV— MONTANE  TEMPERATE  FORESTS 

Group  ii — Montane  Wet  Temperate  Forests 


Sub-group  11 A — Southern  montane  wet  temperate  forests  : 

Ci  Southern  montane  wet  temperate  forest 
DSi  Southern  montane  wet  scrub 
DS2  Southern  montane  wet  grassland 

Sub-group  I  iB — Northern  montane  wet  temperate  forests: 

Ci  East  Himalayan  wet  temperate  forests 

I  a  Lauraceous  forest 

I  b  Buk  oak  forest 

1C  High-level  oak  forest 

C2  Naga  hills  wet  temperate  forests 


Group  12 — Himalayan  Moist  Temperate  Forests 


Ci 

Lower  Western  Himalayan  temperate  forest 

(P.  296) 

la 

Ban  oak  forest  (Q,.  incana) 

(P.  296;  PI.  79) 

lb 

Moru  oak  forest  ( (f.  dilatata) 

(P.  299;  PI.  80) 

DSi 

Oak  scrub 

(P-  301) 

1C 

Moist  deodar  forest  (Cedrus) 

(P.  301;  PI.  81) 

id 

Western  mixed  coniferous  forest  (spruce,  blue  pine, 

(P.  304;  PI.  82) 

silver  fir). 

le 

Moist  temperate  deciduous  forest 

(P.  307;  PI.  83) 

1/ 

(Low-level  blue  pine  forest  (P.  walUchiana)) 

(P.  308) 

DSi 

Oak  scrub 

(P-  309) 

DS2 

Himalayan  temperate  secondary  scrub 

(P-  309) 

C2 

Upper  West  Himalayan  temperate  forest 

(P.  310) 

2a 

Kharsu  oak  forest  {(f.  semecarpifolia) 

(P.  310  ;  PI.  84) 

2b 

West  Himalayan  upper  oak/fir  forest 

(P.  312) 

2C 

(Moist  temperate  deciduous  forest) 

(P-  3H) 

C3 

East  Himalayan  moist  temperate  forest 

(P.  314) 

3« 

East  Himalayan  mixed  coniferous  forest 

(P-  315) 

3^ 

Abies  delavayi  forest 

(P.  316;  PI.  85) 

Degradation  stages  of  Himalayan  moist  temperate  forests : 

DSi 

Montane  bamboo  brakes 

(P.  316;  PI.  86) 

DS2 

Himalayan  temperate  parkland 

(P-  317) 

DS3 

Himalayan  temperate  pastures 

(P  318;  PI.  87) 

(P. 

278  ; 

PI. 

75) 

(P- 

282  ; 

PI. 

76) 

(P- 

282  ; 

PI. 

77) 

(P. 

286) 

(P. 

287) 

(P- 

287) 

\ 

^P1 

(P- 

288) 

/ 

{t  1. 

(P. 

288) 

78) 
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General  edaphic  and  serai  types  of  Himalayan  moist  temperate  forests: 


E I  Cypress  forest 

151  Alder  forest 

152  Riverain  blue  pine  forest 

2S1  Low-level  blue  pine  forest 


(P.  318;  PL  88) 
(P.  319;  PL  89) 
(P.  320;  PL  90) 
(P.  320;  PL  91) 


Group  13 —  Himalayan  Dry  Temperate  Forests 


Ci 

C2 

2fl 

2b 

DSi 

DS2 

C3 

C4 

C5 

C6 

Ei 

C7 


(i)  Western  types 

Dry  broadleaved  and  coniferous  forest  (Qtiercus 
ilex-P.  gerardiana) 

Dry  temperate  coniferous  forest 

Neoza  pine  forest  {P.  gerardiana) 

Dry  deodar  forest  (Cedrus) 

Pohu  scrub 

Dry  temperate  scrub 

(West  Himalayan  dry  temperate  deciduous  forest) 
West  Himalayan  high-level  dry  blue  pine  forest 
{P.  wallichiana) . 

West  Himalayan  dry  juniper  forest  {J,  macropoda) 

(ii)  Eastern  types 

East  Himalayan  dry  temperate  coniferous  forest 
Larch  forest  {L.  grijfithiana) 

East  Himalayan  dry  juniper  /birch  forest  {J.  walli¬ 
chiana). 


(P-  325;  PJ-  92) 

(P-  325) 

Jr  m  ]}  (P'-  93) 

(P.  327;  P).  94) 

(P-  327) 

(P-  327) 

(P.  328) 

(P.  328;  PL  95) 

(P.  328) 

(P-  329) 

(P-  329) 


General  serai  types  of  dry  temperate  forests : 

1 5 1  Hippophaej Myricaria  scrub 

1 52  PopulusISalix  forest 

I  S3  (Western  high-level  dry  blue  pine  forest) 


(P.  330;  PL  96) 

(P-  330) 

(P-  330) 


V— SUB-ALPINE  FORESTS 

Group  14 — Sub-alpine  Forests 

Gi  West  Himalayan  sub-alpine  birch/fir  forests  {Betulal 
Abies) 

I  a  West  Himalayan  sub-alpine  fir  forest 
\b  West  Himalayan  sub-alpinc  birch/Hr  forest 
C2  East  Himalayan  sub-alpine  birch/fir  forest 

Serai  and  degraded  types  of  sub-alpine  forests: 

I  Si  [Hippophaej Myricaria  brakes) 

1S2  (Deciduous  sub-alpine  scrub) 

2S1  (Sub-alpine  blue  pine  [P.  wallichiana  forest)) 

DSi  Sub-alpine  pastures 


(P-  334) 

^P-  335)  \  (Pis.  97,  98) 
(P-  335)/ 

(f'-  336;  PL  99) 

(P-  336) 

(P-  336) 

(P-  336) 

(P-  337;  PL  100) 
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VI— ALPINE  SCRUB 

Group  15 — Moist  Alpine  Scrub 
Gi  Birch /Rhododendron  scrub  forest 

G2  Deciduous  alpine  sciub 

Ei  T)\varf  Rhododendron  scrub 

E2  (Dwarf  juniper  scrub) 

C3  (Alpine  pastures) 

Group  16 — Dry  Alpine  Scrub 
Ci  Dry  alpine  scrub 

E I  Dwarf  'juniper  scrub 


(P-  338;  PI.  lOl) 

(P-  339;  PI-  102) 
(P.  340;  cf.  PI.  1 01) 
(P.  341) 

(P.  341) 


(P.  341;  PI.  103) 
(P.  341) 


CHAPTER  VI 

MOIST  TROPICAL  FORESTS 

GROUP  I.  TROPICAL  WET  EVERGREEN  FORESTS 
Sub-group  lA.  Southern  Tropical  Wet  Evergreen  Forests 

I.  NOMENCLATURE 


Maharashtra 

Mysore 

Madras 

Kerala 

Andamans 


}  ■ 


.  Tropical  evergreen  rain  forest. 

.  Tropical  evergreen  (Skola). 

.  (Hill)  Evergreen  low  forest  (PARKIN¬ 
SON). 


2.  GENERAL  DESCRIPTION 


Lofty,  dense,  evergreen  forests,  45  m.  or  even  more  high,  characterised  by  the  large 
number  of  species  of  trees  which  occur  together.  Consociations  (gregarious  domi¬ 
nants)  are  rarely  met  with  and  ordinarily  two  thirds  or  more  of  the  upper  canopy 
trees  are  of  species  individually  c  mtributing  not  more  than  i  per  cent  of  the  total  number ; 
a  few  species,  however,  do  occur  semi-gregariously.  Some  species  of  the  top  storey 
are  trees  with  clear  boles  30  m.  long  and  5  m.  or  more  in  girth,  and  may  be  briefly 
deciduous  without  affecting  the  evergreen  nature  of  the  forest  as  a  whole.  The  canopy 
is  extremely  dense;  it  has  been  demonstrated  that  apart  from  the  scattered  giants 
which  project  well  above  tlie  general  canopy,  differentiation  into  definite  canopy 
layers  probably  does  not  exist  (RICHARDS).  Epiphytes  are  numerous,  especially 
aroids,  lerns,  mosses  and  orchids.  Climbers  vary  greatly  in  amount  being  sometimes 
conspicuous  but  often  not  so;  on  die  whole  they  are  less  characteristic  than  in  the 
semi-evergreen  and  moist  deciduous  forests.  Ground  vegetation  in  typical  case! 
maybe  almost  absent;  elsewhere  a  eaipetof  Stniilanlies  or  Sllaginella  and  ferns  may 
oecur;  grasses  ^  absent.  The  undergrowth  is  often  a  tangle  of  canes  cr«D 

P*  1  K  .1!  may  replace  high  forest  as  cane  brake  along  sdeZ' 

Erect  bamboos  arc  unusual,  but  mav  occur  Inrjillv  e.  i-  j  •  1  •  t^cams. 

with  thin  smooth  bark  are  t\T)ical  but  nla  I-  t  t  ^  ^  1  ^  mdncal  boles  usually 

1  .1  •  .  but  plank  buttresses  are  also  freauentlv  mi 

leaves  are  thick  and  fflossv  onlv  rarf-ltr  •  ,  .  ‘cquenuy  seen.  The 

orpink  When  yotinl  m^  t 

3-  distribution 
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Maharashtra 

Along  the  W.  Ghats  nearly  from  Bombay  and  southwards. 

Mysore,  Madras  and  Kerala 

Along  the  whole  length  of  the  W.  Ghats  through  Mysore  (Shimoga,  Mangalore,  Coorg,  Wynaad)* 
Palghat,  Tirunelveli. 

Andamans 

On  moist  loamy  hills  throughout  the  Islands. 

4.  LOCALITY  FACTORS 

Temperature. — The  mean  temperature  of  the  year  is  very  close  to  27°  C,  and  the 
mean  January  minimum  is  always  over  18°  C  and  usually  about  21°  C.  Data  are 
given  for  three  fairly  representative  statit  ns  in  the  following  statement. 

Temperature  Data  {centigrade) 


Southern  tropical  wet  evergreen  forests 


Month 

Kerala 

MANGALORE 

22  m. 

Kerala 

COCHIN 

3  m. 

Andaman  Islands 
PORT  BLAIR 

80  m. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

January 

26-6 

3«-7 

21  *4 

26-8 

30-5 

23-1 

25-5 

29-0 

22*0 

February  . 

26-8 

31-1 

22-5 

27-4 

30-6 

24-2 

25-6 

29-7 

21-4 

March 

28*2 

32-0 

24-3 

28-3 

3«-3 

25'6 

26'4 

30-8 

21  "9 

April  . 

29-4 

32-9 

25-8 

28-7 

3>-4 

25-9 

27-7 

3«-7 

23-7 

May  • 

29-3 

32-7 

26-0 

28-3 

30-8 

25-7 

27.2 

31-7 

a3’7 

June 

26 '6 

29-2 

23-8 

26-5 

29-0 

23-9 

26-5 

29-1 

23-9 

.I'dy 

26'  I 

28-7 

23-5 

25-9 

28- 1 

23.7 

26-4 

28-8 

23-9 

August 

26*2 

28-8 

23-4 

23-9 

28-0 

23-9 

26-2 

28-6 

23*7 

bcpiember  . 

26-3 

29-1 

23-5 

26-2 

28-3 

24- 1 

25-8 

28’4 

23-2 

October 

26-8 

29-9 

23-7 

26-6 

29-1 

24-1 

26-0 

28-8 

23*2 

November  . 

27-1 

31-0 

23-1 

26-9 

29-8 

24- 1 

26-0 

28*8 

23-1 

December  . 

26-8 

3»-7 

21  '4 

26-9 

30*3 

23-4 

25-7 

28-7 

22*7 

m'  a.  t.  . 

27-2 

.  . 

•  . 

27- 1 

•• 

26-3 

•  • 

•  • 

Annual  mean  max. 

30-7 

.  . 

29-8 

•  • 

294 

•  • 

•  ♦ 

Highest  record  . 

37-8 

.  . 

-  . 

33-9 

-• 

• 

36-1 

•  • 

• 

Annual  mean  min. 

23-6 

.  , 

.  . 

24'3 

•  • 

23’« 

•  • 

Lowest  record 

i6'7 

.  . 

i7'8 

•• 

16 '7 

•  • 

•  • 

No.  of  years 

60 

60 

•  • 

•  • 

60 
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Rainfall  and  Humidity.-Th^  annual  rainfall  is  from  2000  nun. 
down  to  1,500  mm.  but  the  type  does  not  spread  generally  over  most  sites  till  3000 
mm.  or  more  is  reached.  The  dry  season  is  not  usually  prolonged  only  2  to  4 
months  having  less  than  50  mm. ;  if  it  is  longer  as  in  the  northern  part  of  the  W.  Ghat 
the  development  of  the  type  requires  a  heavier  rainfall  and  it  is  restricted  to  favour¬ 
able  sites  but  proximity  to  the  coast  also  exerts  favourable  influence.  This  dry 
season  is  connected  with  the  monsoon  climate  and  is  more  marked  than  usual  in  this 
type  in  other  countries.  The  monthly  rainfall  and  annual  totals  for  the  same  stations 

are  given  below  : 


Rainfall  {millimetres) 

Southern  tropical  wet  evergreen  forests 


Kerala 

i 

Kerala 

Andaman  Islands 

Month 

MANGALORE 

COCHIN 

PORT  BLAIR 

22  m. 

3  m. 

80  m. 

January  . 

3 

23 

45 

February 

2 

20 

28 

March  . 

5 

51 

28 

April 

39 

>25 

60 

May 

«57 

297 

384 

June 

942 

723 

562 

July 

988 

592 

392 

August  . 

597 

353 

414 

September 

266 

»95 

442 

October  . 

207 

340 

318 

November 

72 

170 

267 

December 

«3 

4« 

201 

Total  for  year  (M.A.R.) 

3,292 

2,929 

3.«43 

No.  of  rainy  days 

118 

• 

130 

'50 

No.  of  months  with  less  than 

50  mm . . 

• 

5 

3 

3 

xvi.A.  Humidity 

77 

79 

81 

No.  of  years 

60 

60 

60 

phic  roots,  shales  and 
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It  also  extends  over  alluvial  soils  in  the  valleys  and  notably  in  the  Brahmaputra 
valley.  In  the  Andaman  Islands  where  excessively  free  drainir.g  sandstones  pre¬ 
dominate,  the  tyTDe  tends  to  be  restricted  to  outcrops  of  volcanic  rocks,  moisture 
receiving  sites  in  the  valleys  and  low  lying  alluvial  deposits  near  the  coast. 

The  characteristic  features  of  the  soil  are  its  highly  leached  condition  involving 
low  base  content,  alow  silica/sesquioxide  ratio,  acidic  reaction,  clay  mostly  as  kaoli- 
nite.  There  is  little  accumulation  of  organic  matter  except  locally  in  wet  flats. 
The  mineral  nutrient  content  is  largely  concentrated  in  the  surface  layer  where  it 
is  maintained  by  the  large  amount  of  organic  matter  deposited  by  leaffall  etc.  from 
the  forest.  Nutrient  circulation  is  very  rapid  and  the  removal  of  the  forest  cover  is 
liable  to  be  quickly  followed  by  a  serious  and  permanent  drop  in  fertility.  There  is 
still  extremely  little  known  about  these  soils  but  a  useful  summary  has  recently  been 
published  by  SETH  and  YADAV  (i960). 

Topography. — Flat  or  hilly  ground  upto  800  m.  extending  further  up  valleys  to 
1,000  m.  or  so  (with  some  variation  in  floristic  composition).  Very  generally  the  level 
ground  and  lower  slopes  have  been  cleared  in  the  past,  as  along  the  W.  Ghats  where 
the  type  is  absent  from  the  coastal  plain,  but  comes  in  at  about  500  m.  and  extends 
even  upto  1,500  m.,  the  higher  slopes  getting  more  rainfall,  and  more  favourable  humi¬ 
dity  conditions  consequent  on  the  lower  temperature.  Primary  climax  forest  is  no 
longer  to  be  found  on  the  coastal  strip,  and  the  soil  itself  has  been  degraded  by  exposure 
(cf.  Type  2A/2S1  on  p.  87). 

Light. — Practically  no  information  has  been  collected  in  India,  but  in  view  of  the 
close  comparability  between  Indian  tropical  evergreen  forest  and  that  in  other  coun¬ 
tries,  it  is  probable  that  similar  relationships  hold.  It  appears  that  the  light  intensity 
in  the  undergrowth  is  generally  about  1%  of  that  prevailing  above  the  top  canopy 
and  it  is  mainly  in  the  red  end  of  the  spectrum;  during  the  middle  of  the  day  the 
intensity  varies  considerably  owing  to  the  passage  of  sunflecks  which  may  briefly  raise 
it  to  10 — 72%  of  the  intensity  in  the  open.  For  details,  see  RICHARDS  (1952). 

5.  GENERAL  FLORISTIGS 

Dipterocarps  are  very  characteristic  but  not  an  essential  constituent;  they  are  more 
numerous  and  varied  in  the  S.  E.  nearer  the  centre  of  distribution  of  the  family,  and 
fewer  and  less  varied,  and  often  locally  absent  on  the  West  Coast;  the  most  widely 
distributed  genera  are  Dipterocarpns  and  Hopea.  Other  typical  components  are— 
Guttiferae  (notably  Calophyllum,  Poeciloneuron,  Mesua),  Anacardiaceae,  Sapotaceae,  Melia- 
ceae  Artocarpus,  Eugenia  and  Elaeocarpus  whilst  Leguminosae  (e.g.  Kingiodendron)  are 
relatively  uncommon  (m  contrast  with  similar  forests  in  other  countries).  These 
trees  are  primarily  in  the  top  storey. 

In  the  middle  canopy  which  is  almost  entirely  evergreen,  the  predominant  families 
are  Myrtaceae  and  Lauraceae  but  very  many  others  are  represented. 

Bomboosare  relatively  rare  in  the  climax  type  except  for  such  climbing  forms  as 
DinoMoa  and  locally  Oxytenanlhera  nigrociliata  in  the  Andamans  Islands  and  are  often 
absent.  Canes  are  generally  abundant  especially  on  wet  ground  and  there  are 
usually  erect  palms  of  several  genera- 
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The  shrubby  imdergrowth  when  present  consists  mainly  of  Strobilanihes  and  other 
Acanthaceae  or  of  evergreen  Ruhiaceae  {Ixora,  Canlhium,  etc.)  but  many  Anottaceae  and 
other  families  are  well  represented.  Other  monocotyledons  are  generally  present. 

Climbers  are  on  the  whole  not  heavy  but  may  become  so  in  any  openings. 

6.  SUBDIVISIONS,  SUCCESSIONS,  ETC. 

The  follo  wing  four  types  of  which  the  first  is  somewhat  conjectural  are  separately 
described  below  as  also  the  associated  cane  and  bamboo  brakes. 

Cl  {Giant  evergreen  forest) 

C2  Andamans  Wopical  evergreen  forest 
E\  {Andamans  moist  deciduous  forest) 

C3  Southern  hill  top  tropical  evergreen  forest 
C4  West  Coast  tropical  evergreen  forest 

The  finest  development  of  this  type  of  forest,  in  which  giant  trees  predominate 
and  the  evergreen  Dipterocarps  are  conspicuous  is  developed  in  Southern  Burma 
(EDWARDS,  1950)  and  Malaya  and  it  is  possibly  represented  in  the  Andamans  under 
the  most  favourable  conditions  of  temperature  and  moisture  distribution,  and  might 
perhaps  be  considered  to  be  a  post-climax  form  on  deep  fresh  soils. 

The  rather  inferior  form  differentiated  as  G3  is  met  with  in  exposed  situations 
in  the  face  of  the  monsoon  notably  in  the  Andamans  where  it  has  some  special  floristic 


elements. 


Except  in  the  Andamans,  the  more  accessible  forests  have  largely  been  cleared 
for  permanent  or  temporary  cultivation  and  some  of  the  present  forest  is  secondary 
after  past  clearing.  Moreover  proximity  to  settlements  has  very  gei.erally  affected 
the  forest  m  varying  degree  without  amounting  to  clearing,  as  also  have  nast 
unregulated  and  selective  fellings.  ^ 


lorestmay  (2A/2S1,  p.  87)  resuf 
lopping.  In  other  parts,  temporary  cultivation  results  i 


It  from  intensive  felling  and 
m  sub-evergreen  forest  which 
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is  partly  residual,  partly  regrowth  from  surviving  rootstocks  and  partly  new  colo¬ 
nisation  which  would  probably  progress  to  the  climax  form  unless  it  is  cleared  again 
when  the  secondary  bamboo  is  likely  to  take  possession. 


A  very  characteristic  predominantly  briefly  deciduous  forest  ty^pe  occurs  generally 
in  the  Andaman  Is.  on  freely  draining  slopes,  with  evergreen  or  semi-evergreen  forest, 
both  above  and  below,  without  any  discernable  climatic  difference.  This  forest 
must  be  regarded  as  a  stable  edaphic  climax  occurring  under  the  climatic  conditions 
capable  of  supporting  the  more  evergreen  types  on  more  moisture-retentive  sites. 
It  is  described  with  the  other  Moist  deciduous  types  on  p.  103. 

The  following  diagrammatic  scheme  suggests  probable  successional  relationships. 


SUCCCSSIONAL  RELATIONSHIPS  i=OR  SOUTHERN 
TROPICAL  WET  EVERGREEN  FOREST  S 


CGIANT 

EVERGREEN  FOREST) 
SOUTHERN  HILLTOP 
TROPICAL  EVERGREEN 
forest 


TROPICAL 
FRESHWATER 
SWAMP  FOREST 


S. TROPICAL  WET  EVERGREEN-CANE 
FOREST 


TIDAL  SWAMP 
forest 


BEACH  FOREST 


-EVERGREEN 

FOREST 


WET 


MOIST  DECIDUOUS 
FOREST 


BAMBOO>GREEN 


EVER- 


BRAKES 


TYPES 


A 

WEST  COAST 
SECONDARY 
EVERGREEN 
DIPTEROCARP 
FOREST 


SEMI- 

EVER- 

Jgpeen 

TYPES 


SECOiJDARY  pECIOU- 
MOIST  DAMDOO)  OU5 
BRAKES  J  TYPES 


Ci.  (Giant  evergreen  forest) 


NO.MENGLATURE. — Giant  Evergreen. 

DESCRIPTION. — -This  is  the  most  luxuriant  type  of  forest  met  with,  the  climatic 
climax  where  site  conditions  are  optimum  for  tree  growth.  The  top  canopy  formed 
by  the  giant  trees  is  almost  entirely  evergreen  and  though  usually  irregular  may  locally 
be  more  or  less  complete. 

DISTRIBUTION.— Typical  of  S.  E.  Asia  and  may  be  represented  locally  in  the 
Andamans  and  the  Western  Ghats. 

LOCALITY  FACTORS.— A  rainfall  of  over  3,000  mm.  well  distributed,  seems  to 
be  required  and  a  sufficiently  retentive  soil  if  the  ground  is  sloping. 

ILLUSTRATION.— cf.  Plate  i. 


Facing  page  62 


Plate 


7  i  WSi.C/64 


ANDAMANS  TROPICAL  EVERGREEN  FOREST 
/fterocorpK  Preservation  Plot.  Interview  Island,  North  Andamans. 


S.  K.  Seth 
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Type  \Al(Ci  IC2) 

FLORISTICS. — In  the  Andamans  it  is  met  with  on  deep  alluvial  soils  near  the 
banks  of  larger  streams  but  is  so  intimately  mixed  with  the  semi-evergreen  forest  that 
delimitation  is  difficult.  The  semi-evergreen  type  is  described  on  p.  85  (Type  2A/C1). 
Adequate  floiistic  lists  are  wanting  but  evergreen  consociations  include  Dipterocarpus 
alatus,  the  loftiest  tree  in  the  Andamans  and  other  species  such  as  D.  gracilis,  Calophyllum 
soulattri  and  Artocarpus  spp. 

C2.  Andamans  tropical  evergreen  forest 

DESCRIPTION.— As  given  on  p.  57  for  the  sub-group.  Not  so  luxuriant 
as  the  giant  Evergreen  (Dipterocarp)  forest  particularly  in  the  height,  density  and  size 
of  the  giant  top  storey,  which  is  very  irregular  and  incomplete,  but  otherwise  very  similar 
in  composition.  There  are  fewer  species  in  the  top  canopy,  deciduous  species  being 
,  rather  more  frequent,  and  gregarious  occurrence  commoner. 

DISTRIBUTION. — Throughout  the  Andamans  typically  as  caps  to  the  hills  with 
moist  deciduous  forests  on  the  slopes.  Similar  forest  occurs  in  the  Nicobar  Islands. 

LOCALITY  FACTORS. — As  for  the  sub-group  p.  58. 

ILLUSTRATIONS.— Plates  i,  2. 

FLORISTICS.— 


(i)  Andamans.  (CHENG APPA).— 

I.  Dipterocarpus  grandiflorus* ,  D.  pilosus,  Artocarpus  chaplasha,  A.  gomeziana,  Calophyllum 
soulattri*,  Planchonia  andamaiiica,  Hopea  odorata,  Endospermum  chinense,  Sideroxylon 
longepetiolatum. 


11.  Xanthochymus  andamanicum,  Myristica  andamanica,  M.  glaucescens,  Baccaurea 
sapida,  Croton  argyratus,  Pterospermum  aceroides,  Caryota  mitis,  Cryptocarya,  Memecy  - 
Ion,  Euphorbia  epiphylloides ,  Pseuduvaria  prainii,  Actephila  excelsa. 

III.  Anaxagorea  luzoniensis,  etc. 

V.  Dinochloa  andamanica.  Calamus  palustris,  Gnetum  scandens,  Ancistrocladus  extensus. 
(ii)  Gopalkabang  valley,  South  Andamans. — 


1.  Dipterocarpus  kerrii* ,  D.  grandiflorus,  D.  gracilis. 

II.  Artocarpus,  Planchonia,  Hopea  odorata,  Pterospermum  aceroides,  Myristica  andamanica 
Elaeocarpus  sp.  ’ 

1 1  a.  Oxytenanthera  nigrociliata. 

III.  Macaranga  andamanica,  Mussaenda  macrophylla,  Leea  sp.,  Evodia  glabra,  Licuala 
peltatay  Panaanus yClinogyne  grandis% 

IVb.  Erianthus  arundinaceus. 

V.  Dinochloa  andamanica,  Ancistrocladus,  Calamus  palustris,  C.  longisetosus,G.  pseudorivalis 

Gnetum  scandens.  ’ 
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(iii)  Great  Nicobar  Island  (SAHNI).— 

I.  Cal,phyWvn  s^auri*  md,royylon  lo,g,p, Malum,  Gmcinia  uantkachymu,,  Adamuthm 

payonina,  Albizzia  lebbek,  Pisonia  umbellifera,  Mangifera  sylvatica. 

II.  Myristica  spp.,  Polyalthia  spp. 

,  ^  different  composition 

'^o 


GEf^ERM^NoTE.—Dipterocarpus  grandiforus  is  a  conspicuous  member  of  evergreen 
forests  occurring  on  moist  clayey  hill  slopes  which  are  best  viewed  as  examples  of  Type 
iA'G2,  p.  63.  Similarly  the  Dipterocarpus  ^<?rm  association  which  is  dominated  by  this 
species  but  only  attains  a  moderate  height  occurs  in  a  few  restricted  localities  in  S. 
Andamans. 


C2/E1.  (Andamans  moist  deciduous  forest) 

This  is  described  on  p.  103. 

C3.  Southern  hill  top  tropical  evergreen  forest 

DESCRIPTION. — A  more  or  less  inferior  edition  of  the  typical  wet  evergreen,  not 
more  than  10  m.  high  in  extreme  cases. 

DISTRIBUTION.-Andamans  and  W.  Ghats,  on  the  upper  slopes  and  tops  of  hills 
and  sometimes  on  steep  slopes  lower  down. 

LOCALITY  F.A.CTORS. — Exposure  to  wind  and  generally  less  favourable  condi¬ 
tions  of  soil  and  climate  than  the  main  climax  form.  Rainfall  is  usually  high,  over  4,500 
mm.,  and  humidity  is  high  during  the  period  of  low  rainfall. 

FLORISTICS.— 

(i)  Andanians.  (PARKINSON  and  CHENGAPPA)— 

I.  Diplerocarpus  costatus*,  Mesua  ferrea,  Canarium  manii,  Harpullia  cupanioides,  Hopca 
andamanica,  Cratoxylon  formosum.  Euphorbia  trigona  and  E.  epiphylloides. 

II.  Manecylon  caeruleum,  Cryptocarya  ferrarsi  and  some  small  bamboos.  Phoenix  sp., 

(local). 

P4ote. — Apparently  a  true  edaphoclimatic  climax  in  the  areas  mentioned,  sometimes 
forming  a  transition  to  the  subtropical  montane  type. 

(ii)  Ranni,  Kerala  (Cir.  1000  m.)  (PILLAI)— 

I.  &  II.  Mesua  f erred*,  Dysoxylum  malabaricum,  Cullenia  exctlsa,  Holigarna  beddomei, 
Calophyllum  elatum,  Cedrela  toona,  Canarium  strictum,  Artocarpus  heterophyllus, 
Palaquium  ellipticum,  Hopea  parvi flora,  Eugenia  spp.,  Elaeocarpus  sp. 

1 1  a.  Ochlandra  travancorica. 

III.  Pandanus,  Strobilanthes. 

V.  Calamus  spp. 


■•N..  !  *•*  -<if 
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Plate  3 


WEST  COAST  TROPICAL  EVERGREEN  FOREST 
Dipterocarpus  bourdilloni  (various  sizes),  Kingiodendron  pinnatum  (Urge  tree) 
Vitex  altissima  with  evergreen  undergrowth  and  canes. 
Shondurney,  Shencottah  Division,  Kerala. 


Polyalthia  sp., 

M.  V.  Laurie 


65 


Type  i^/(C3/C4) 


(iii)  Muthukuzhif  Tirunelveli  South  Division^  Madras  (1200-1500  m.) 

I  Hopea  parviflora*,  Calophyllum  elatum*,  Dysoxylum  malabaricum,  Cullenia  excelsa, 

Artocarpus  hirsuta,  Lophopetalum  wighttvium,  Tetrameles  nudijlora. 

II.  Syzygiurr^  cumini,  Cirmamomurr^  zeylanicurr^.  Elaeocarpus  serratus,  Macaranga  roxbur- 
ghiana. 

III.  Dense  evergreen  shrubs  and  reeds. 


V.  Canes  Entada phaseoloideSiCalycopteris  jloribunda,  Dioscorea  sp. 


C4.  West  Coast  tropical  evergreen  forest 


DESCRIPTION. — As  given  for  the  sub-gioup  on  p.  60  except  that  the  genus  Diple- 
rocarpus  is  infrequent  or  absent  and  that  there  are  other  characteristic  floristic  differ¬ 
ences  as  revealed  by  the  lists  given. 


With  increasing  elevation  and  high  rainfall  the  height  of  the  forest  diminishes — 
though  it  remains  dense  and  evergreen — changing  into  the  relatively  stunted  montane 
wet  sub-tropical  forest  (page  254).  There  is  no  sharp  line  of  change  although  a 
plateau  configuration  may  reduce  the  extent  of  transition  stages. 

DISTRIBUTION. — All  along  the  western  ghats  from  about  Ratnagiri  district 
southwards  wherever  humidity  and  soil  moisture  conditions  are  favourable. 


LOCALITY  FACTORS. — Rainfall  1500-5000  mm.  or  more;  altitude  250  to  1200  m. 
Mangalore  and  Cochin  may  be  taken  as  fairly  typical  thfmgh  neither  is  in  the  for¬ 
est  belt. 


ILLUSTRATIONS.— Plates  3,  4,  5. 


FLORISTICS. — High  Level  Type. 


(i)  Kanara  Eastern,  Mysore — 

I.  Dipterocarpus  indicus*,  Calophyllum  elatum,  C.  wighlianutn,  Hopea  wightiana,  Holi- 

garnaarnottlana,  H.  grahamii,Olea  dioica,  Lophopetalum  wighlianum,  Polyalthia 
coffeoides,  Machilus  macrantha,  Mangifera  indica,  Chrysophyllum  roxburghii. 

II.  Aglaia  roxburghiana.  Euphoria  longana,  Aporosa  Iwdlcyana,  Lansium  anamalaya- 

num,  Nothopegta  colebrookiana,  Litsea  spp.,  Ponteria  tomentosa,  Flacourtia  mon- 
tana;  Coryota  urens,  Areca. 

III.  Strobilanthes  spp.,  Psychotria  spp.,  Leea. 


V.  Canes. 


Note.— Dipterocarpus  indicus  and  Calophyll 
of  the  crop.  D.  indicus  towers  over  others, 


urn  elatum  together  account  for  about 


5% 
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(ii'l  Agumbe,  Mysore  (Ghat  crests  300-800  m.)— 

I.  Dipterocarpus  ivdicus*  (a),  Poeciloneuron  indicum  (a),  Mesua  ferrea  (a),  Hopea 
parviflora  (o),  Dysoxylum  malabaricum,  Calophyllum  elatum,  Machilus  macrantha^ 
Palaquium  ellipticum  and  many  others. 

Mvristica  sp.,  Euphoria  longana,  Larisium  anamalayanum,  Unona  pannosd,  Hum- 
boldtia  brunonis,  Aglaia  odoratissima,  Hopea  wightiana  etc. 

Ila.  Oxytenanthera  spp. 

III.  Rubiaceae,  Strobilantkes,  Pinanga  dichsoni,  Arenga  wightii,  Pandanus. 

V.  Calamus  spp. 

(iii')  Makut  (Coorg),  Mysore — 

I.  Valeria  indica*{a),  Kingiodendron  pinnatum  (a),  Dipterocarpus  indicus  (aj,  Ce- 
drelasp.  {o),  Mesua  ferrea  {6) ,  Holigarna  arnottiana  {o),  Mangifera  sp.  (o) 
Arlocarpus  hirsuta  (o),  Dysoxylum  malabaricum  (o),  Hopea  parviflora  ^^f), 
Calophyllum  elatum  (f). 

11.  Elaeocarpus  spp.  (a;,  Myristica  spp.  (a),  Hemicyclia  elata  (a),  Dichopsis  eliMica  (f), 
Schleichera  oleosa,  Canarium  strictum. 

(iv)  High  Lzvd  Evergreen  Forests  of  Wynaad,  Kerala — 

These  forests  are  characterised  by  a  high  proportion  of  Mesua  ferrea,  Palaquium  ellipti¬ 
cum,  Cullenia  excelsa  and  Calophyllum  elatum.  The  absence  of  Dipterocarpus  indicus,  Ftlicium, 
Kingiodendron  pinnatum  and  Hopea  is  noteworthy;  these  species  are  met  with  at  lower  ele¬ 
vations  in  the  adjoining  Kannoth  block,  where  Mesua  is  absent. 

I.  Palaquium  ellipticum*  (a),  Valeria*  (aj,  (especially  near  water  courses),  Calo¬ 
phyllum  elatum  (o\  Cullenia  excelsa  (o),  Dysoxylum  malabaricum  ^^loj,  Arto- 
carpus  hirsuta  (rj,  Cedrela  toona  (o),  Machilus  macrantha  (o),  Mcsuajerret  (f), 
Elaeocarpus  tuberculatus  (f),  Bischofla  (G,  Eugenia  spp.  ^f),  Canarium  (f). 

II.  Palaquium  ellipticum  (a),  M'nistica  spp.  (o),  Valeria  (f),  Eugenia  munroi  (fj, 
Actinodaphne  hirsuta  (f),  Ostodes  (f).  Euphoria  longana  (fl,  Litsco  sp  (f),  Meli- 
osma  simpUcifolia  (If),  PolvaUhia  coffeoides  (f),  Cinnamornum  zeylanicum  {V, 
Elaeocarpus  serratus  (f),  etc. 

Ila.  Bamboos  appear  mainly  as  Ochlandra  brakes  along  the  larger  streams  but  oc¬ 
casionally  spread  out  on  the  slopes. 

III.  Leea  indica  {&) ,  Rubiaceae  {a),  Apama{a),  Areca  (la),  Strobilanthes  spp.  {\a), 
Psychotria,  Lasianthus,  Pandanus  sp.  (la),  Glycosmis  (If),  Calamus  sp.  (If), 
Laportea  crenulata  (f).  Large  ferns  (f). 

IV'b.  No  grass  in  undisturbed  forest. 

V.  Climbers  on  the  whole,  are  not  heavy  though  locally  they  may  be  so. 
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Plate  4 


FRI<iiC/64] 


D.«aroco,», „  EVERGREEN  FOREST 

P<arocorp„s  „saoc,«,o„  M  , 

L-  I-  P.  No.  2.  Kanara  East  Division  Mysore. 


‘ghtiana 


A.  Wahsed  Khan 


Type  lAJC^ 
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(V) 


Kariart  Shola,  Anamalais,  Madras.  (LAURIE)— 


I. 


Hopeaparviflor<^*  (a),  Mesuaferrea*  (a),  Vitex  altissima  Aglaia  roxburghiana 

(a),  Elaeodendronglaucum{di),  Polyalthiafragrans  (a) ,  Dtospyros  microphylla  {a,, 
Eugenia  gardneri  (a),  Canarium  strictum  (o),  Artocarpus  lakoocha  {o),  Bts- 
chofia  javanica  (o),  Artocarpus  heterophyllus  (o),  Tnwia  nudiflora  (o),  Als- 
tonia  scholaris  (o),  Dysoxylum  malabaricum  (o),  Machilus  macrantha  (o),  Fili- 
cium  decipiens  (o),  Tetrameles  nudiflora  (o),  Carallia  lucida  (o),  Mangifera 
indica  (o),  Beilschmiedia  bourdilloni  (o),  Pygeum  wightianum  (o),  Calophyllum 
elatiim  (f),  Salmalia  malabarica  {{) ,  Spondias pinnata  (f),  Litsea  sp.  (f). 


II.  Cyclostemon  macrophyllus  (a),  Gomphandra  polymorpha  (a),  Dimorphocalyx  lawianu 
(a),  Euphoria  longana  (a),  Scolopia  crcnata  {a),  Exccecaria  robusta  (a) ,  Dios- 
pyros  bourdilloni  (a),  Acronychia  pedunculata  (a),  Adenochlaena  indica  (a), 
Garcinia%p.  {a),  Canthium  dicoccuin  {c) ,  Mallotus  philippensis  (o),  Flacour- 
tia  indica  (o),  Sapindus  laurifolius  (o),  Harpullia  arborea  (o),  Fagara  budrunga 
(o),  Hydnocarpus  wightiana  (o),  Actinodaphne  hirsute  {o),  Cinnamomum  wighti¬ 
anum  (f),  Pterospermum  heyneanum  (f),  Mimusops  elengi  (f),  Amoora  canarana  (f), 
Holigarna  grahamii  {i),  Prosporus  indicus  {(),  Ostodes  zeylanica  {{),  Myristica 
laurifolia  (f),  Casearia  esculenta  (f). 


III.  Strobilanthes  spp. 
(o). 


(a),  Orophea  zeylanica  (o),  Kothopegia  sp.  (o),  Ixora  arborea 


IV.  Entada  phaseoloides  (o),  Calamus  spp.  (f). 

(vi)  High  Level  Evergreen  Forests  of  Palghat  {Kerala) — 

I.  Cullenia  excelsa*,  Machilus  macrantha^  Elaeocarpus  iuberculatus,  E.  munroii,  Pa- 
laquium  ellipticum,  Mesua  ferrea* ,  Calophyllum  datum,  Canarium  strictum, 
Dysoxylum  malabaricum,  Vateria  indica,  Poeciloneuron  indicum*,  Eugenia  sp., 
Heritiera  papilio,  Donella  roxburghii,  Mangifera  indica,  Artocarpus  heterophyllus, 
Polyalthia  coffeoides,  Cinnamomum  zcylanicum,  Holigarna  arnottiana,  H.  grahamii, 
Meliosma  microcarpa,  Hopea  glabra,  Litsea  wightiana,  Mastixia  arborea,  Dryptes 
elata,  Cyclostemon  confertiflorus ,  etc. 

II.  Myristica  laurifolia,  Hydnocarpus  laurifolia,  H.  alpina.  Euphoria  longana,  Lasium 
anamalayanum,  Garcinia  spicata,  Elaeocarpus  serratus,  Symphyllia  mallotiformis 
Gomphandra  polymorpha,  Gordonia  obtusa,  Syzygium  sp.,  Baccaurea  courtallensis- 
Glochidion  malabaricum,  Canthium  dicoccum,  Scolopia  crenata,  Xanlhophyllum 
flavescens,  Nothapodytes  foetida,  Actinodaphne  hookeri. 

I  la.  Ochlandra  beddomei. 


III.  Euonymus  angulatus,  Agrostachys  indica,  A.  longifolia,  Eugenia  munroii,  Syzyeium 
hneatum  Paramignya  beddomeii,  Sauropus  albicans,  Leea  indica,  Saprosma  frog- 
runs  1  ebera  sp.,  Clerodendron  viscosum,  Macaranga  pdtata,  Strobilanthes  sp 
Laportea  crenulata,  Olea  dioica,  Linocera  malabarica,  Callicarpa  lanata,  Pavetta 
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zeylanica,  Verooia  arborea,  Turpenia  malabarica,  Orphea  uniflora,  Sarcococea 
brevifolia,  Croton  scabiosus.  Mon ocotyledo nous  forms  include— 

wightii,  Pinanga  dicksonii.  Calamus  spp.,  Pandanus  furcatus. 

IVa.  Herbaceous  ground  flora — Elettaria  cardamomum,  wild  arrow  root,  Curcuma  sp. 
Heckeria  subpeltata. 

V.  Climbers — Gnetum  scandens,  Calamus  sp.,  Smilax  zeylanica,  Elaeagnus  latifolia, 

Derris  sp.,  Entada  phaseoloides,  Senecio  araneosus,  Thunbergia  mysorensis,  Para- 
mignya  sp.,  Luvunga  eleutherandra,  Alorinda  spp. 

Note. — This  form  is  found  in  the  Silent  and  Attapadi  valleys.  Palaquium  elliplicum^ 
is  by  far  the  most  abundant  species.  Common  also  are  Mesua  ferrea,  Poeci- 
loneuron  indicum,  Cullenia  excelsa,  Machilus  macrantka,  Calophylliim  elatum,  etc. 
Considerable  occurrence  of  Poeciloneuroii  indicum  is  specially  noticeable  and 
the  absence  of  Dipterocarpus  species  is  also  noteworthy. 

(vii)  High  Level  Evergreen  Forests  of  Nilambur  {Kerala) — 

I.  Palaquium  ellipticum*,  Cullenia  excelsa,  Calophyllum  elatum,  Terminalia  bellerica, 
Machilus  macrantha,  Dysoxylum  malabaricum,  Elaeocarpus  tulerculatus,  ArtO' 
carpus  hirsuta. 

II.  Eugenia  gardneri,  Cinnamomum  zeylanicum,  Bischofia  javanica*,  Cedrela  toona, 
Elaeocarpus  sp.,  Xylopia  parviflora. 

Ila.  Ochlandra  spp.  are  met  with  as  gregarious  patches. 

III.  Strobilanthes,  Rubiaceae,  Pinanga  dicksonii,  Arenga  wightii. 

V.  Climbers — Entada  phaseoloides,  wild  pepper,  Smilax,  etc.;  occasional  Calamus. 

Note. — Here  Palaquium  is  the  commonest  species.  Hopea  is  found  sparsely,  scattered 
below  750  m.  Mesua  ferrea  is  abundant  from  900  m.  to  1,200  m.  Calophyllum 
tends  to  be  gregarious  in  patches.  Dipterocarpus  is  absent. 

Low  Level  Type 

(i)  Wynaad,  Kerala — 

I,  Valeria  indica*  (a),  Artocarpus  hirsuta  (f),  Dysoxylum  malabaricum  (f),  Acrocarpus 

fraxinifolim  (o),  Hopea  parviflora*  (a),  Dipterocarpus  indicus  (f),  Filicium 
decipiens  (f),  Kingiodendron  pinnatum  (f),  Elaeocarpus  sp.  (f),  Bischofia  javanica 
(o),  Cedrela  toona  (f),  Eugenia  sp.  (f). 

II.  Myristica  sp.  {o) ,  Li tsea  sp.  {(),  Hydnocarpus  laurifolia*  (a),  Pterygota  alata  (o) ^ 

Vitex  altissima  {o),  Schleicher  a  oleosa  {i) ,  Cinnamomum  sp.  (o),  Pterospermum 
rubiginosum  (f)  • 

HI.  Leea  indica  (a),  Strobilanthr,  (f),  Calamus  sp.  (If),  ferns  (la),  Rubiaceae  (a), 
Arenga  wightii  (la) 
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Plate  5 


WEST  COAST  TROPICAL  EVERGREEN  FOREST 
A  group  of  Dipterocarpus  indicus  on  moist  soil  with  palm  undergrowth. 
L.  I.  P.  No.  2,  Kanara  East  Division,  Mysore. 
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IVb.  Grasses — do  not  occur. 

V.  Climbers — not  heavy. 

(ii)  Kanara  Eastern,  Mysore  (Devimane  300  m.) 

I.  Hopea  wightiana*,  Diospyros  candoleana,  Olea  dioica,  Syzygium  cumini,  Holigarna 
arnotliana,  Pterospermum  heyneanum,  Memecylon  edule,  Cinnamomum  spp., 
Syzygium  gardneri,  Artocarpus  heterophyllus,  A.  hirsuta,  Lophopetalum  wightianum, 
Calophyllum  elatum,  Machilus  macrantha,  Mangifera  indica,  Mimusops  elengi, 
Terminalia  paniculata,  Lagerstroemia  lanceolata. 

II.  Aglaia  roxburghiana,  Garcinia  sp.,  Symplocos  canarana,  Canthium  dicoccum,  Euphoria 
longana,  Aporosa  lindleyana,  Saraca  indica,  Litsea  spp.j  Flacourtia  montana, 
Pouteria  tornentosa,  Madhuca  longifolia,  Hydnocarpus  laurifolia. 

Ila.  Bamboos  are  practically  absent. 

III.  Strobilanthes  spp.,  Psychotria  dalzelli,  Leea  sambusina,  Goniolhalamus  cordiopetalus, 
Litsea  spp. 

V.  Canes  common,  sometimes  abundant. 

Note. — Regeneration  of  the  main  species  is  frequent. 

General  note. — There  are  some  differences  between  the  low  level  forms  met  with 
from  250  to  500  m.  illustrated  by  examples  and  the  high  level  forms,  which  are  typical 
and  best  developed  examples  of  west  coast  evergreen  forests,  described  above.  In  the  low 
level  form  Cullenia  excelsa  and  Poeciloneuron  are  absent  and  Mesua  ferrea,  Palaquium  ellipti- 
cum  and  Calophyllum  elatum  are  less  frequent.  There  is  a  high  proportion  of  Hopea  parviflora, 
Kingiodendron  pinnatum,  Artocarpus  hirsuta,  Acrocarpus  fraxinifolius,  Vateria  indica  etc.  Hopea 
tends  to  be  gregarious  and  is  quite  abundant.  Vateria  is  also  abundant.  Floristic  lists 
are  given  by  CHANDRASEKHARAN. 


Many  associations  have  been  distinguished  by  AHUJA,  AIYAR,  ARORA  CHAN 
r.RASEKH,.VRAN  KADAMBI,  WILSON,  and  other.''  Their  coni.itution  and  status' 
depends  upon  altitude,  rainfall,  soil,  exposure  to  wind,  availability  of  species  etc  and 
vanes  from  place  to  place.  However,  the  top  canopy  associations  arc  dominated  by  re¬ 
latively  few  species  especially  Hopea,  Cullenia,  Palaquium,  Poeciloneuron,  Calophyllum  Dit- 
teroc^pusVateriaz.rid  Mesua  Among  additional  species  characteristic  of  edaphic  variant 
on  the  above,  may  be  mentioned  Elaeocarpus,  Lophopetalum,  Hopea  u^ightiana  .JolZZ 

-e  .outher„„es. 


7—7  F.R.T.  &  C./64 


Some  typical  associations  of  West  Coast  Tropical  Evergreen  Forests 
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f  Typical 

^  occurrence 

TIRUNELVELI— 

Madras 

SOUTH  COIMBA¬ 

TORE;  KANYA- 
KUMARI— Madras 

AGUMBE— Mysore 

HASSAN— Mysore 

AGUMBE — Mysore 

AGUMBE — Mysore 

HASSAN— Mysore 

THENM.ALA— Kera- 

la. 

AGUMBE;  HAS¬ 

SAN — Mysore 

AGUMBE;  HAS¬ 

SAN — Mysore’ 

HASSAN— Mysore 

KANARA  EAST- 

Mysore 

TIRUNELVELI; 

KANYAKUMARI- 

Madras 

Typical 

status 

edaphic  climax 

low  elevation  climax 

climax 

table  land  climax 

edaphic  variant  of 

Vateria.  (6c) 

moist  climax 

climax 

transitional,  edaphic 

climax  on  steep 

slopes. 

edaphic  climax,  vari¬ 

ant  of  Vateria, 

edaphic  climax,  va¬ 

riant  of  Elaeocarpus 
(4a)  or  Lophopetalum 

(6b) 

low  elevation  climax 

medium  elevation 

climax. 

Typical 

rainfall 

2500  mm. 

3000  mm. 

cir.  5000  mm. 

cir.  5000  mm. 

cir.  5000  mm. 

cir.  5000  mm. 

i 

cir.  5000  mm. 

4000  mm. 

Typical 

soil 

shallow,  lateritic 

moderately  moist 

moist 

drier 

moister 

moist 

moist,  well  drained 

drier,  lateritic 

wet,  marshy 

wet  stream  banks 

moist,  deep,  clayey 

loam. 

clayey,  slowly  drain¬ 

ed. 

Typical 

altitude 

250 — 600  m. 

300 — 5C0  m. 

320 — 800  m. 

320 — 800  m. 

320 — 800  m. 

cir.  650  m. 

cir.  650  m. 

cir.  650  m. 

cir.  650  m. 

cir.  650  m. 

650 — 800  m. 

1 

Association  j 

1.  Filicium—Alseotiaphne 

2.  Hopea — Mesua 

3.  PotciloneuTon — Mesua 

4.  Hopea  (wightiana) — Pala- 

(juium 

(4a)  Elaeocarpus  tuber- 
culatus 

5.  Poeciloneuron — Dipterocarpus 

Palaquium — Dipterocarpus 

(6a)  Hopea  wightiana  . 

(6b)  Lophopetalum 
wightianum 

(6c)  Vateria  indica 

7.  Dipterocarpus — Hopea 

•8.  Palaquium — Mangi/era  . 

i 
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Forest  Types  of  India 

Sub-group  iB.  Northern  Tropical  Wet  Evergreen  Forests 

1.  NOMENCLATURE 


General  . 


Bengal  . 
Assam 


.  Tropical  evergreen  rainforest  (in  part)  (SCHWEIN- 
FURTH). 

.  Wet  evergreen  forest. 

.  Evergreen  forest.  Evergreen  Dipterocarp  forest. 


2.  GENERAL  DESCRIPTION 


The  type  is  virtually  identical  in  form  with  the  southern  evergreen  described  on  p.  57 
and  more  particularly  with  the  type  for  which  the  term  West  coast  tropical  evergreen 
has  been  adopted.  Large  tall  evergreen  trees  form  the  bulk  of  the  main  canopy  which  is 
perhaps  rather  less  continuous  and  even  but  is  still  completed  by  the  somewhat  smaller 
trees.  Single  giant  Dipterocarps  and  similar  trees  or  groups  of  them  may  project  above  the 
general  level.  The  number  of  species  is  very  great,  and  the  mixture  very  intimate,  only  a 
few  species  foi'ming  small  consociations.  Deciduous  trees  are  few.  The  middle  and  lower 
canopies  are  particularly  dense,  evergreen  and  varied.  Bamboos  are  perhaps  rather  more 
frequently  seen  than  in  the  southern  counterpart  but  their  presence  possibly  similarly  indi¬ 
cates  a  non-climax  condition.  Small  palms  are  common  but  less  varied  and  conspicuous 
than  in  the  south.  Canes  and  other  climbers  are  abundant  and  epiphytes  of  ail  sorts 
very  numerous.  There  is  typically  a  ground  cover  of  evergreen  shrubs,  herbaceous  vege¬ 
tation  being  scarce  and  grasses  absent. 


3.  DISTRIBUTION 


The  type  occurs  throughout  N.E.  India  from  Bengal  eastwards  and  southwards  wher¬ 
ever  the  annual  rainfall  exceeds  2,500  mm.  and  the  soil  is  reasonably  retentive  of  moisture. 
It  also  occurs  with  a  rather  smaller  rainfall  if  it  is  well  distributed.  A  great  deal  of  the  area 
for  which  the  type  is  the  climatic  climax  has  been  cleared  or  so  greatly  altered  by  biotic 
influences  that  it  is  now  under  sub-climax  forest  or  cultivation;  this  is  particularly  so  in 

Bengal  and  E.  Assam. 

West  Bengal . In  submontane  divisions;  the  t>^c  is  extending  in 

reserve  forest  with  general  protection. 


Assam 


Orissa 


The  whole  except  the  tract  of  low  rainfall  centering 
on  Nowgong,  though  much  is  low  secondary  growth 
in  various  stages  of  secondary  progression- 

Possibly  the  original  type  in  the  damper  parts  of  the 
coastal  strip. 


4.  LOG/V.LITY  FACTORS 

Temperature.— Die  mean  annual  temperature  lies  beween  22°  C  and  26°  G  which  is 
1  ;  few  Lrecs  below  that  of  the  southern  form  (25°  C-27°  C),  but  the  mean  annua 
°l'imum  te^^^  is  very  much  lower,  being  under  .0”  C  as  compared  w.th  a  typt«l 


Sub-group  iB 


73 


figure  of  i6*  C  for  the  southern  form.  The  January  minimum  is  also  about  io°  C-i6°  C  as 
compared  with  over  i8°  G.  The  stations  for  which  the  data  are  given  in  the  following  table 
lie  outside  the  forests  and  probably  do  not  fully  reflect  its  moderating  influence. 

Temperature  (centigrade) 


Northern  tropical  wet  evergreen  forests 


Month 

Assam 

SIBSAGAR 

97 

Assam 

DIBRUGARH 

106  m. 

Assam 

SRIMANGAL 

21  m. 

Assam 

SILCHAR 

29  m. 

Mean 

Mear 

max. 

1  Mean 
min. 

Mcai 

1  Meai 
max. 

1  Mear 
min. 

Meal 

1  Mear 
max. 

Mear 

min. 

Mear 

Mear 

max. 

Mean 

min. 

January  . 

February 

March  . 

April 

May 

June 

July  .  . 

August  . 

September 

October  . 

November 

December 

15- 6 

17-4 

20-9 

23-2 

25-8 

280 

28-6 

28-4 

27-7 

25-2 

20-6 

16- 4 

21- 4 

22- 8 

26- 2 

27- 6 

296 

31-4 

31-8 

31-4 

309 

289 

256 

22-3 

9-8 

«2-o 

15-6 

18-9 

22- 1 

24- 5 

25- 4 

25-3 

24-6 

21-4 

'5-4 

10-5 

160 

17.7 

21  •  I 

23-0 

25-3 

27-0 

27-4 

27‘6 

269 

249 

2I  ’0 

170 

21-9 

22-8 

26  m 

27-2 

29- 2 

30- 6 

30-7 

30-7 

30-2 

29M 

26-4 

23-3 

lO-  I 

12-6 

i6'0 

i8-8 

21-5 

23- 4 

24M 

24- 4 

23-6 

20-8 

15-6 

10*6 

'7-5 

19-6 

24-4 

27M 

27- 6 

28- 2 

28-6 

28'4 

28-2 

26-4 

19-8 

i8-3 

26-4 

28- 2 

32- 3 

33- 4 

32-8 

32-2 

32-4 

32-3 

32-4 

31-7 

29- 7 

26-9 

86 

I  I  M 

i6'4 

20 '7 

22-3 

24-2 

24-7 

24-5 

24*  I 

21  -2 

•5-3 

9-6 

18-4 

20-  I 

23-8 

28-6 

27M 

28-2 

28-7 

28-4 

28-3 

26-8 

23-4 

19-6 

25'6 

27-0 

30- 3 

31- 1 

3'-5 

31- 8 

32- 3 

3«-9 

32  I 

3«-3 

29-4 

26-6 

II-3 

13-2 

17-2 

26-0 

22-6 

24- 6 

25- 1 

24-9 

24-6 

22-9 

>7-5 

I2'6 

M.  A.  T. 

23-4 

•  * 

22-9 

•• 

24-7 

.  • 

25-1 

Annual  mean 
maximum  . 

27-7 

•  . 

•  • 

27-3 

30-9 

30-1 

Highest  record. 

38-9 

•  . 

. 

38-9 

•• 

41M 

39-4 

.. 

Annual  mean 
minimum  . 

190 

•• 

18  4 

. 

i8-6 

20'2 

Lowest  record  . 

2-8 

•• 

4’4 

. 

1-7 

5-0 

70 

— L_ 

40 

•  • 

•• 

45 

•• 

•• 

60 
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Rainfall  and  Humidity. — Rainfall  data  are  as  follows: — 


Rainfall  (millimitres) 

Northern  tropical  wet  evergreen  forests 


Month 

Bengal 

SAM 

SINGH 

T.E. 

Bengal 

FAGU 

T.E. 

Assam 

SIBSA- 

GAR 

97  m. 

Assam 

DIBRU- 

GARH 

106  m. 

Assam 

SRIMAN- 

GAL 

21  m. 

Assam 

SIL- 

CHAR 

29  m. 

January 

«5 

16 

31 

38 

1  I 

20 

February 

21 

16 

51 

63 

38 

48 

March 

III 

75 

1 12 

103 

84 

172 

April  .... 

224 

75 

257 

236 

247 

385 

May  .... 

764 

533 

306 

305 

401 

417 

June  .... 

1,090 

929 

384 

500 

479 

589 

July  .... 

1,601 

1.337 

457 

537 

353 

521 

Avgust 

1,214 

922 

416 

451 

363 

515 

September  . 

923 

743 

301 

352 

299 

389 

October 

364 

229 

131 

152 

179 

184 

November  . 

40 

33 

31 

34 

36 

45 

December  . 

15 

12 

15 

16 

6 

1  1 

Total  for  year  (M.A.R.) 

6,380 

4.920 

2.492 

2,792 

2,487 

3.294 

Number  of  rainy  days  . 

? 

1 

128 

135 

122 

137 

Number  of  month  with 
than  50  mm.  . 

less 

4 

4 

3 

3 

4 

4 

M.  A.  Humidity  . 

7 

? 

83 

82 

81 

78 

No.  of  years. 

1 

I 

70 

40 

35 

60 

Bengal  gets 


The  tract  is  characterised  by  very  favourable  distribution  of  rainfall 
a  4-month  dry  season  but  may  have  a  higher  rainfall. 

Rnrk  and  Soil  —The  type  occurs  on  a  variety  of  soils  including  typical  red  tropical  sods 
^lo^orcLtalL Tocks.  I.  aUo  BourUhe.  in  Ter.ia^  sancUionc.  etc.  on  Makar 
of  the  Himalayas,  and  on  the  more  mature  of  the  aiiuvra,  deposns  of 
the  big  river  valleys,  the  less  mature  soils  tending  to  carry  the  deciduous  yp 
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'J'opography , — The  finest  forest  is  now  met  with  on  low  hills  and  the  gentle  slopes  at 
their  feet,  from  the  plains  almost  at  sea  level  upto  about  1000-1200  m.  where  it  merges 
into  the  montane  sub-tropical.  The  type  also  occurs  on  the  flat  ground  of  the  big  allu¬ 
vial  plain  but  mainly  on  the  higher  levels. 

5.  GENERAL  FLORISTICS 

Evergreen  Dipterocarps  are  present  except  in  N.  Bengal  where  their  absence  is  diffi¬ 
cult  to  explain — but  they  tend  to  be  localised  in  their  occurrence.  Dipterocarpus  and 
Shorea  are  the  only  genera  forming  outstandingly  big  trees.  The  other  characteristic  fa¬ 
milies  and  genera  are  very  closely  similar  to  those  of  the  southern  forests,  including  Arto- 
carpus,  Sysygium,  Mesua  fenea,  Meliaceae,  Myristica  and  Anacardiaceae.  Lauraceae,  Magnoli- 
aceae,  Qjurcus  and  Caslanopsis  are  more  important  and  varied  than  in  the  south.  Bamboos 
are  more  usually  present,  Dendrocalamus  hamiltonii  being  most  characteristic  and  Melocanna 
with  Bambusa  tulda  very  conspicuous  in  sec(>nd  growth  though  primarily  associated  with 
more  deciduous  types  of  forest.  Canes  and  small  palms  generally  occur,  as  also  sometimes 
tree  ferns.  In  the  shrubby  undergrowth,  Rubiaceae  are  important  but  a  great  variety  of 
families  and  species  occur. 


6.  SUBDIVLSIONS,  SUCCESSION,  ETC. 

Mainly  on  account  of  fl  eristic  differences,  three  types  are  differentiated  on  a  geo¬ 
graphical  basis.  Much  further  study  is  needed  of  the  composition  and  ecology  of  these  for¬ 
ests  to  permit  of  a  satisfactory  analysis  of  types  and  an  understanding  of  their  relationship. 

Cane  brakes  (i/Ei,  p.  79)  and  wet  bamboo  brake  (1/E2,  p.  80)  occur  in  badly 
drained  hollows  ^ 


Cl  Assam  Vallry  tropical  evergreen  forest  {Dipterocarpus). 
Ca  Upper  Assam  Valley  tropical  evergreen  forest. 

2a  Kayea  forest, 
ib  Mesua  forest. 

C3  Cachar  tropical  evergreen  forest. 


The  primary  succession  on  new  gravelly  alluvium  is  from  Khair-^icm  (nl,Kr,  \ 

have  a  .ra.y  phase,  .hr'occlence  of  flrZ^hlA  maT  “av”"  f  f”” 
may  be  long  maintained.  Cultivation  In-,  i.  *  •  -i  ^  1  “  *  s-^vannah  forest  and  this 

may  develop  into  very  moist  sal  (  aC/c/  d  results.  Locally  the  savannah  forest 

.hroughwe.  mixed  foresee  p  la  '.o  <*«*<*““*  ‘YPe  and  .hence 

.ry  commonly  leads  .o  sicolda‘;Ulrhti:Xl,':‘rfot‘^ 

(4EA-S4,  p.  .66)  behind!  “  f-shwa.er  swamp 
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Ci.  Assam  Valley  tropical  wet  evergreen  forest  (Dipterocarpus) 

NOMENCLATURE. — Dipterocarpus- Mesua  forest  (RAJKHOWA). 

Hollong-Nahor  forest  (WORKING  PLANS). 

Dipterocarpus-Mesua-Michelia  association  (ROWNTREE). 

DESCRIPTION. — The  giant  Dipterocarps  D.  macrocarpus  and  Shorea  assamica  occur 
scattered  and  in  patches,  attaining  great  girths  upto  7  m.  and  heights  upto  50  m.  They 
stand  over  a  closed  evergreen  canopy  at  about  30  m.  in  which  Mesua  (which  also  attains 
large  girths  upto  4  m.  )  and  Vatica  tend  to  predominate  among  a  large  number  of  other 
species.  There  is  also  an  underwood  and  a  shrub  layer  but  the  ground  is  practically  bare. 
Climbers  are  abundant  as  also  epiphytes.  Palms  and  canes  are  generally  present. 

DISTRIBUTION. — “Over  low  outcrops  of  the  Naga  and  Patkoi  Hills  and  the  high 
alluvial  deposits  of  the  foothills  in  the  Lakhimpur  and  the  eastern  half  of  the  Sibsagar 
District,  on  the  S.  bank  of  the  Brahmaputra...... 

The  type  finds  its  best  expression  on  the  undulating  old  alluvium  of  the  Dehing  R., 
though  it  is  also  found  at  an  elevation  of. ...  610  m.  on  the  foothills  of  the  Naga  and 
Patkoi  ranges.”  (RAJKHOWA). 

LOCALITY  FACTORS. — The  annual  rainfall  is  over  2,300  mm.  and  upto  3,800  mm. 
or  more,  and  it  is  exceptionally  well  distributed  as  shown  by  the  data  given  for  Dibrugarh, 
Sibsagar  and  Lakhimpur,  with  only  three  months  (November  to  January)  relatively  dry 
(but  even  then  with  heavy  dewfall) .  The  monthly  maximum  does  not  exceed  32°  C  and 
the  mean  minimum  for  January  is  close  to  10°  C,  the  absolute  minimum  being  a  little 
under  5°  C.  From  the  point  of  view  of  temperature  the  climate  is  thus  definitely  subtro¬ 
pical  but  the  favourable  moisture  distribution  and  complete  absence  of  frost  permits  of 
the  development  of  a  forest  indistinguishable  from  that  of  more  southern  latitudes. 

The  soils  are  largely  of  recent  alluvial  formation  over  Tertiary  sandstones  and  shales, 
but  the  latter  outcrop  on  the  hills  and  carry  a  similar  type  of  forest.  For  further  descrip¬ 
tion,  see  ROWNTREE,  1954- 

ILLUSTRATION.— Plate  6. 

FLORISTICS.— 

I.  Dipterocarpus  macrocarpus*,  Shorea  assamica*,  Mesua  ferrea* .  Altingia  excelsa, 
Dysoxylum  procerum,  Artocarpus  chaplasha,  Michelia  spp.,  Stcreospermum  per- 
sonatum,  Canarium  spp.,  Amoora  wallichii. 

II.  Vatica  lanceaefolia,  Eugenia  spp.,  Garcinia  cowa,  Talauma,  Myristica. 

Ha.  Dendrocalamus  hamiltonii,  Bambusa  pallida,  Pseudostachyum  polymorphum.  Lwts- 
tona  jenkinsiana. 

III.  Clerodendron,  Ixora,  Pinanga,  Laportea. 
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IVa.  Alpinia  spp;,  Amomum,  Phrynium,  Piper,  etc. 

V.  Thunbergia  grandiflora,  Ampelocissus  (Viiis)  latifolia,  Dalbergia  stipulacea. 

Note.— The  succession  from  new  alluvium  makes  an  interesting  study  in  U.  Assam 
although  it  is  greatly  influenced  by  human  activities  and  has  now  usually  to  pass  through  a 
savannah  stage  (3/1S1,  p.  152)  with  sc.Tttered  deciduous  trees  such  as  subject 

to  fires,  and  through  deciduous  and  semi-evergreen  (2B/2S2,  p.  96)  stages  which  can 
be  prolonged  indefinitely. 


Ca.  Upper  Assam  Valley  tropical  evergreen  forest 
Caa.  Kayea  forest 

DISTRIBUTION. — Extreme  E.  on  the  N.  bank  of  the  Brahmaputra  valley. 
FLORISTIGS. — Dulong  Reserve. 

Kayea  assamica*  {6g%) ,  Dysoxylum  spp.  (6%),  Echinocarpus  {4.%),  Alesua  {$%), 
Plerospermum  spp.  (7%),  Terminalia  chebula  (3%),  Amoora  wallichii  ( — ),  Ca- 
narium  spp.  (4%). 

Note. — RAJKHOWA  presents  this  type  as  a  climax  formation  replacing  the  Dip- 
terocarpus-Mesua  type.  He  does  not  cite  the  grounds  other  than  floristic  for  according  it  this 
status,  but  the  complete  absence  of  Diplerocarpaceae  gives  a  distinctly  different  appearance. 


Cab.  Mesua  forest 

NOMENCLATURE. — Mesua — other  species  post  climax  (BOR,  ROWNTREE). 

DESCRIPTION.— Four-storeyed  closed  forest  averaging  30  m.  in  height  with  Mesua 
strongly  predominating  in  the  top  canopy.  Second  storey  17  m.  high.  Climbers  rare  but 
Ficus  frequent. 


DISTRIBUTION.-Hcavy  rainfall  areas  in  foothills  of  Balipara  Frontier  Tract. 

LOCALITY  FACTORS.— High  rainfall  and  humidity;  occurring  at  200  m  as 
cending  valleys  to  800  m;  soil  well  drained,  deep  and  porous.  ^ 

FLORISTICS.— 

^r“(rLf  doltsopa,  Quercu,  lamllosa, 

etrameles,  Dysoxylum  hamiltonu,  Altingia  excelsa,  etc. 

II.  Apkanann^is  polys, ^kya,  BnlschmsJia,  Gynocarjia,  Safiuo,  boccalun,,  Vatica  etc 
lla.  Dendrocalamus  hamillonii.  ’ 

HI.  Garcima  cowa,  Pandanus  furcalus,  Miliusa,  Leea,  etc. 


78 


Forest  Types  of  tndia 


IVa.  Psycholria  spp.,  Strobilanthes ,  Tacca,  etc. 

V.  Combretum  flagrocarpum,  Mucuna  nigricans,  Vilis  spp. 

Note.— Would  appear  to  be  a  climax  type  but  may  be  determined  by  local  site 
factors. 


C3.  Gachar  tropical  evergreen  forest 

NOMENCLATURE. — Mesua-Dipterocarp-Palaquium  formation  (RAJKHOWA) . 

Mixed  evergreen  (WORKING  PLANS) 

cf.  RAJKHOWA,  p.  522 

DESCRIPTION. — The  type  does  not  differ  markedly  in  structure  from  the  fore¬ 
going.  Giant  trees  are  perhaps  rather  fewer  and  it  is  recorded  that  climbers  occur  far  less 
frequently  than  in  U.  Assam. 

DISTRIBUTION. —  The  lower  hills  and  hill  slopes  of  the  Cachar  hills  and  the 
Khasi  and  Jainti  hills  round  the  Surma  valley.  The  evergreen  forest  is  now  mainly  con¬ 
fined  to  northern  and  eastern  aspects,  steep  uncultivable  slopes,  and  rocky  and  shady 
stream  banks,  owing  to  the  very  heavy  incidence  of  shifting  cultivation. 

LOCALITY  FACTORS. — Climatological  data  are  given  for  Silchar  which  is  a 
quite  representative  station.  As  noted  above,  the  type  is  now  largely  restricted  to  hilly 
ground  and  special  sites  unsuitable  for  cultivation.  The  Surma  valley  is  an  alluvial  tract 
and  the  surrounding  hills  are  chiefly  of  U.  Tertiary  sandstones.  The  valley  is  dotted  with 
isolated  hills  called  telas  of  old  alluvial  red  sand,  clay  and  gravel  “often  highly  indurated 
with  ferruginous  cement”. 

ILLUSTRATIONS.— Not  traced. 

FLORISTICS. — A  good  many  important  species  occur  here  which  are  absent  in 
U.  Assam;  among  them  may  be  noted  Dipterocarpus  turbinatus  and  Palaquium  polyanthum 
as  well  as  the  bamboo  Meloc.inna  bambusoidcs.  Similarly  Shorta  assamica  and  other  typical 
trees  of  U.  Assam  are  absent  from  Cachar. 

(i)  Inner  Line  Reserve,  Cachar  Division  (RAJKHOWA) — 

I  &  II.  Palaquium*  (20%),  Diospyros  topiosa  (9%),  Cynometra  polyandra  (8%), 
Dipterocarpus  turbinatus  (7%),  Mesua  (7i%),  Eugenia  spp.  (8%),  Euphoria 
longana  (8%),  Sapium  baccatum  (3i%)>  lanceaefolia  (3%),  Canarium 

spp.  (3%).  Hydnocarpus  kurzU  W/o),  Heritiera  acuminata,  Persea  owdenii» 
Kayea  floribunda.  (Percentages  of  trees  over  3  ft.  girth). 

_ “Shifting  cultivation  and  heavy  exploitation  of  the  Dipterocarpus  have 

destroyed  much  of  this  formation,  so  that  it  is  found  in  localized  patches  only  . 
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(il)  Loharband,  Cachar,  L.  Assam.  (ROWBOTHAM)— 

I  &  II.  Dipterocarpus  turbinatus*,  Artocarpus  chaplasha,  Mangifera  sylvattca,  Persea 
owdenii,  Eugenia  spp.,  Palaquium  polyanlhum* ,  Amoora  spp.,  Mesua  ferrea, 
Calophyllum  polyanlhum,  Aquilaria  agallocha,  Sterculia  spp.,  Canartum  spp., 
Podocarpus  neriifolia. 

Ila.  Melocanna  bambusoides,  Bambusa  balcooa,  Neohouzeaua  dullooa,  or  without  bamboo. 

III.  Evergreen  undergrowth  with  a  few  palms. 

IV.  Climbers  relatively  few,  Entada  phaseoloides ,  Acacia  spp.,  Combretum  spp.,  Delima. 

Note. — The  area  where  this  forest  should  be  the  climatic  climax  has  been  enormously 
affected  by  shifting  cultivation,  particularly  in  the  hills  where  it  is  still  extensively  prac¬ 
tised.  The  abandoned  jhums  if  left  long  enough  become  restocked  mainly  with  deciduous 
species  and  if  protected  from  jhuming  and  burning  fairly  quickly  revert  to  a  closed 
evergreen  type  from  which  further  progress  to  the  climatic  climax  would  presumably 
take  place. 

Natural  regeneration  of  the  evergreens  is  said  to  be  better  than  in  U.  Assam;  in 
particular  young  Palaquium  forms  almost  pure  woods  (perhaps  an  indication  of  human 
interference) . 

Eupatorium  odoratum  has  invaded  the  whole  tract  and  comes  up  densely  wherever  the 
canopy  is  broken. 


GENERAL  EDAPHIG  AND  SERAL  TYPES  OF  WET  EVERGREEN  FORESTS 

El.  Cane  brakes 

I 

DESCRIPTION.— An  impenetrable  thorny  thicket  sometimes  with  a  few  tall  trees 
standing  over  it,  sometimes  without.  The  stems  are  typically  trailing  and  may  be  6o  m. 
or  more  long,  but  some  species  are  more  or  less  erect. 

distribution.— Throughout  the  evergreen  and  semi-evergreen  climaxes  and 
locally  m  moist  deciduous  forest. 


LOCALITY  FACTORS.— Occurs  in  wet  hollows  extending  outwards  to  various 
distances,  becoming  more  conspicuous  with  heavier  and  better  distributed  rainfall  i  e 

Hch  in  ZlZr  permanently  wet  and  usually  fine  clay,  ’ve'ry 


ILLUSTRATION.-Cf.  Plate  33. 
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Note. — Once  the  creeping  canes  are  in  possession  of  a  site,  they  rr.ake  it  almost 
impossible  for  trees  to  push  through  but  they  require  a  constant  and  abundant  water 
supply  for  optimum  development.  tenuis  brakes  extc:  d  well  into  the  moist  sal 

forests  in  Uttar  Pradesh, 


E2.  Wet  bamboo  brakes 

DESCRIPTION. — The  brakes  are  often  very  dense,  even  if  the  bamboos  grew  in 
clumps.  The  bamboos  tend  to  be  of  the  smaller  types  rather  than  the  big  dumped  species 

DISTRIBUTION. — ^Throughout  the  tropical  evergreen  tracts  of  S.  India  and 
Andamans. 


LOCALITY  FACTORS. — Wet  bamboo  brakes  are  usually  found  along  streams 
or  on  badly  drained  hollows  more  or  less  displacing  the  tree  forest,  whilst  cane  brakes 
replace  them  in  the  wettest  sites. 

ILLUSTRATION.— Plate  7. 

FLORISTICS.— 

(i)  Andamans. — 

I.  Dipterocarpus  spp. 

Ila.  Oxyknanthera  sp.,  Bambusa  sehizoslachyoides. 

(ii)  South  India. — 

I.  Trees  of  the  tropical  forest. 

Ila.  Ochlandra  spp. 

Note.— Species  of  Ochlandra  (reeds)  frequently  occur  in  damp  sites  in  the  evergreen 
and  semi-evergreen  forests  and  are  prone  to  extend  considerably  if  the  canopy  is  broken 
from  any  cause.  As,  however,  the  major  occurrences  are  mostly  in  the  higher  hills,  these 
are  described  under  the  subtropical  vegetation  types,  vide  p.  256. 


2S1.  Pioneer  Eupkorbiaceous  scrub 

In  most  moist  evergreen  and  semi-evergreen  forests,  if  a  heavy  or  clear  felling  is 
made  and  the  area  is  then  left  to  its  natural  regrowth,  it  very  commonly  occurs  that  a 
cover  of  quick  growing  but  short  lived  ^mall  trees  is  quickly  established.  The  Euphorbiaceous 
Ztntr?.  Macaranga,  and  Yrma  usually  predominate  as  a  first  stage  m  the  secon¬ 

dary  sere  providing  shade  and  shelter  under  which  the  slower  and  ess  adaptable  species 
of  Ae  latter  stages  become  established  and  ultimately  push  through  and  supplant  the 

pioneers. 


FLORISTICS.— 

(i)  Assam  (ROWNTREE) 
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Macaranga-Mallotus-Trema  association  (secondary  sere  ultimately  progressing  to 
Dillenia-Bischojia  association) . 

I.  Actinodaphne  obovata,  Anthocephalus  cadamba,  Duabanga  grandijiora,  Litsea  mono- 
petala  (all  occasional). 

II.  Macaranga  denticulata* ,  Mallotus  albus*,  Trema  orientalis*,  Bauhima  purpurea, 
Clausena  indica,  Groton  joufra,  Erythrina  suberosa,  Alangium  chmense. 

III/IV.  Alpinia  mollucensis,  Casearia  vereca,  Laportea  crcnulata,  Melastoma  malabathricum, 
Osbeckia  crinita,  0.  nepalensis,  Phrynium  sp. 

(ii)  South  Kerala  (LEGRIS  and  VIART) 

I/I  I.  Macaranga  indica*,  Mallotus  philippensis* ,  Sterculia  urens,  Vernonia  travancorica, 
Trema  orientalis* ,  Grewia  tiliaefolia,  Bamboos. 

GROUP  2.  TROPICAL  SEMI-EVERGREEN  FORESTS 

Sub-group  2A.  Southern  Tropical  Semi-evergreen  Forests 

I .  NOMENCLATURE 

See  corresponding  entries  under  individual  types  below. 

2.  GENERAL  DESCRIPTION 

This  type  is  very  variable  and  difficult  to  define  except  in  comparative  terms,  being 
intermediate  between  the  tropical  evergreen  and  moist  deciduous  forms  but  usually 
including  groups  or  patches  fairly  typical  of  both.  It  accordingly  forms  a  closed  high 
forest  the  dominant  trees  sometimes  running  to  big  dimensions  but  is  usually  inferior  to 
Type  la,  and  includes  both  evergreen  and  deciduous  trees — the  former  predominating — in 
intimate  mixture  but  with  a  definite  tendency  to  gregarious  occurrence.  The  number  of 
species  is  high  but  less  so  than  in  the  true  evergreen  many  of  the  biggest  evergreens  being 
absent.  Buttressed  stems  continue  to  be  frequent  and  occur  in  both  evergreen  and  deci¬ 
duous  speci's  (e.g.  Elaeocarpus  spp.  and  Salmalia) .  Bark  tends  to  be  thicker  and  rougher  and 
cauliflory  rarer.  The  general  canopy  is  typically  less  dense  than  in  the  true  evergreen 
and  the  evergreen  undergrowth  rather  more  copious;  climbers  tend  to  be  very  heavy. 
Bamboos  are  usually  present  but  less  prevalent  than  in  the  moist  deciduous.  Epiphytes 
are  abundant  including  many  ferns  and  orchids. 


3.  DISTRIBUTION 

throughout  the  moister  parts  of  southern  tropics  always  in  associa- 
lon  wi  h  the  true  evergreen,  but  it  does  not  occupy  a  very  large  area  as  there  are  but  few 
exte^ive  tracts  where  the  moisture  conditions  are  adequate  for  its  development  but 
the^eTt^r^  time  inadequate  for  an  evergreen  climax.  This  is  particularly  marked  in 
met  with  iL  north'^R  gradient  is  very  steep.  A  suitable  rainfall  is  also 

.0  devcio/  a  vegttn!’ 
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It  is  also  frequently  encountered  as  an  edaphic  subclimax  to  tropical  evergreen  on 
shallow  porous  soils. 


4.  LOCALITY  FACTORS 

Temperature. — The  mean  annual  temperature  is  about  26°  C,  the  January  mean  21° — 
24°  G,  and  mean  maximum  about  16°  G  whilst  the  mean  extreme  minimum  is  not  below 
10°  G. 


Temperature  Data  (centigrade) 
Southern  tropical  semi-evergreen  forests 


Month 

Mysore 

KARWAR 

4  m. 

Kerala 

MANGALORE 

22  m. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max# 

Mean 

min. 

January  . 

25-8 

31-8 

19-7 

26-6 

3>-7 

21-4 

February 

• 

25-5 

30-6 

20-3 

26-8 

3«-« 

22-i 

March 

. 

26-7 

30-9 

22-4 

28*2 

32-0 

24-3 

April 

. 

27-8 

3»-3 

244 

29-4 

32-9 

25® 

May 

. 

28-7 

3«-4 

25-9 

*93 

32-7 

26-6 

June  .  . 

. 

26-2 

28-3 

24-0 

26*6 

29-2 

23-8 

July 

- 

25*8 

27.7 

24-0 

26  •! 

28-7 

23-5 

August  . 

. 

25-6 

27-4 

23-8 

26-2 

28*8 

23-4 

September 

• 

26-4 

289 

23-9 

26-3 

29'l 

*3-5 

October  . 

. 

26-7 

29-6 

23-8 

26-8 

29*9 

*3-7 

November 

. 

25-4 

3I-I 

19-7 

27-1 

31-0 

23« 

December 

• 

25-2 

3«-3 

i9-« 

26-8 

3«-7 

21-4 

M.  A.T . 

26-3 

•• 

27-2 

•• 

•• 

Annual  mean  max.  . 

30-0 

•• 

•• 

30-7 

•• 

•• 

Highest  record 

. 

? 

•• 

•• 

37-8 

•• 

•• 

Annual  mean  min. 

22-6 

•• 

•• 

23-6 

•• 

Lowest  record. 

. 

7 

•• 

•• 

16-7 

•• 

•• 

No.  of  years 

• 

•  • 

upto  1955 

•• 

•• 

60 

•  • 

Sub-group  2A 
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JtMll.-As  the  occurrence  of  the  type  seems  to  be  determined  in  many  places 

moreT'edaphie  than  climatic  Carnes,  the  records  for  stations  m  or  near  it  show  a 
more  Dy  eaapn  probably  between  2000  mm.  and  2500  mm. 

rriy  KarwL  (on  the  west  coast,  and  VeUapur  (at  the 

top  if  the’  Gliat  aboue  Karwar)  are  more  or  less  typical  for  the  Western  Ghats. 

Rainfall  {millimetres) 

Southern  tropical  semi-evergreen  forests 


- - - - — — - 

Coorg 

Mysore 

Mysore 

Mysore 

Month 

SOM- 

SAGAR 

KARWAR 

YELLA- 

VAR PET 

(Shimoga) 

PUR 

1131  m. 

515  m. 

4  m. 

565  m. 

January 

•  • 

3 

2 

I 

1 

February  . 

• 

• 

3 

2 

I 

I 

March 

• 

12 

9 

0 

8 

April 

• 

64 

44 

12 

35 

May 

• 

103 

63 

86 

56 

June 

• 

355 

399 

95  > 

510 

July  .... 

• 

757 

747 

944 

964 

August 

• 

439 

394 

542 

554 

September  . 

• 

>53 

«4> 

276 

184 

October 

• 

172 

142 

>47 

>36 

November  .  , 

• 

83 

4> 

42 

27 

December  . 

• 

>7 

8 

6 

5 

Total  for  year  (M.A.R.) 

• 

2,183 

>,994 

3,006 

2,495 

No.  of  rainy  days 

• 

1 10 

98 

104 

104 

No.  of  months  with  icss  than 

50  mm. 

4 

5 

6 

5 

M.  A.  humidity  . 

• 

? 

? 

80 

? 

No.  of  years 

•  • 

50 

7> 

57 

63 

/iocA:  a/ii  5ji7.— Tropical  red  soils  f,a..  .  .  . 

•  1  *  ii-  1  •  ,  ,  part,  overlying  a  variety  of  rocks 

mainly  crystalline  rocks  m  the  W.  Peninsula.  ^  o  «  va  iciy  01  rocKs 


Topography.— entirely  on  low  hilly 
on  fairly  flat  plateau  country. 


or  undulating  ground  though  also 


occurring 
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5.  GENERAL  FLORISTICS 

In  the  upper  canopy,  Xylia  and  Terminalia  are  most  typical  but  Dipterocarps  also 
frequently  occur  {Dipterocarpus,  Balanocarpus,  Hopea).  The  middle  canopy  is  made  up 
of  evergreen  Mvrtaceae,  Schleichera  oleosa,  Lauraceae,  etc.  Bamboos,  when  present,  are  Bam- 
busa  arundinacea  (W),  B.  polymorpha  a.ndCephalostachyum  pergracile  if.).  The  ground  cover 
is  largely  made  up  of  evergreen  shrubs  including  various  Rubiaceae  and  Acanthaceae. 


6.  SUBDIVISIONS,  SUCCESSIONS,  ETC. 

Only  two  forms  call  for  separation  on  present  information,  one  of  them  being  condi¬ 
tioned  primarily  by  the  hard  more  or  less  lateritic  soil  and  frequently  also  found  under 
the  climatic  conditions  appropriate  to  the  evergreen  types. 

The  primary  seres  are  indistinguishable  from  those  of  the  evergreen  forests  and 
include  beach,  tidal  swamp  and  riverain  types.  Clearing  is  again  likely  to  result  in 
the  development  of  secondary  bamboo  brakes  in  hilly  country,  whilst  elsewhere  secon¬ 
dary  semi-evergreen  (2A/2S1,  p.  87)  and  secondary  moist  deciduous  (3B/2S1,  p.  119) 
are  found. 

Ci  Andamans  semi-evergreen  forest. 

C2  West  Coast  semi-evergreen  forest. 

C3  Tirunelveli  semi-evergreen  forest. 

<281  West  Coast  secondary  evergreen  Dip terocarp  forest. 

SUCCESSIONAL  RELATIONSHIPS  FOR  SOUTHERN 
TROPICAL  SEMI-  tVERGREEN  FORESTS- 


WEST  COAST 

secondary 

EVERGREEN 

D.'PTEROCARP 

FOREST 


S£COt4DARY  MOIST 

bamboo  brakes  ^ 


S.TROPICAL  WET  EVERGREEN 
FOREST 

t 

S.  TROPICAL  SEMI"  MOIST  BAMBOO 
EVERGREEN  FOREST-* - BRAKES 


EVERGREEN 
•  TYPES 

SEMl- 
,  EVER¬ 
GREEN 
TYPES 


SOUTHERN  SECONDARY 

moist  mixed  deciduous 
forest 


littoral 

FOREST  TROPICAL 
FRESHWATER 
SWAMP  FOREST 

I 

tidal  forest 


S.M01ST  MIXED 
DECIDUOUS 
FOREST 


,  DECIDUOUS 

types 


LEVEL 

C  A\/ A  KIKJ  A  1-4 


LOW 


Is 


avannah 
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ANDAMANS  SEMI-EVERGREEN  FOREST 

group  of  and  deciduous  trees,  including  Terminalia  bialata  with  laree 

FR.s.c/6,j  ^nd  aroids.  Middle  Andamans.  ^ 

H.  G.  Chamt 
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Plate  9 


ANDAMANS  SEMI-EVERGREEN  FOREST 

A  laree  buttressed  Parishia  insignis  carrying  a  tangle  of  woody  dim 

Middle  Andamans. 


bers  and  epiphytic  ferns. 

H.  C.  Champion 
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Ci.  Andamans  semi-evergreen  forest 

NOMENCLATURE. — Low  ev'ergrccn  forest  (CHENGAPPA). 

DESCRIPTION. — A  luxuriant  type  of  forest  with  many  giant  trees  which  include 
both  deciduous  and  evergreen  species  often  intimately  mixed  but  frequently  in  groups, 
particularly  the  evergreens.  Climbers  are  often  heavy.  Bamboos  may  or  may  not  be 
present.  CHENGAPPA  describes  it  as  the  densest  forest  in  the  Andamans. 

DISTRIBUTION. — Andamans  In  the  main  v^alleys. 


LOC.4LITY  F.\CTORS. — The  chief  characteristic  is  the  immature  alluvial  soil 
sufficiently  o’d  and  raised  above  flood  level  to  be  able  to  progress  to  the  climatic  climax, 
but  with  a  good  subsoil  water  supply  and  well  drained  soil. 

ILLUSTRATIONS.— Plates  8  and  9. 

FLORISTICS.  (CHENG.VPPA)— 

1.  Dipterocarpus  alatm*,  D.pilosus*,  Pterygnta  alata,  Pterocymbium  tinclorium,  Sterculia 
campanulata,  Term'.mlia  bialafa*,  T.  proce.a*,  Albizzia  chinensis,  A.  lebbek,  Calo- 
phyllum  soulaltri,  Salmalia  insignis,  Artocarpus  lakobcha,  A.  chaplasha,  Plerocarpus 
dalbergioides. 


II.  Ligerstrosmia  hypoleuca,  Dillenia  penlagyna,  Draconlomelum  mangiferum,  Pometia 
pinnata,  Myristica  irya,  Pisonia  excelsa,  Litsea panamvija,  Xanthophyllum  andamani- 
cum,Fragraea  morindaefolia,  Talauma  andamanica,  Garcinia  andamanica,  Aporosa 
villosula,  Licualn  peltata,  Caryota  mitis,  Aieca  triandra. 


Ha.  Usually  no  bamboos.  Oxytenanlhera'ip.  (i). 

HI.  Saprosma  ternalum,  Maesa  andamanica,  Micromelum  pubescens,  Clerodendrum  risco- 
sum,  Leea  indica,  Clinogyne  grandis. 

V.  Din>chba  anhmmica,  Tkunbergia  laurifolia,  Buettneria  andamanensis,  Combrelum 
extensum,  Daemonorops,  Calamus. 


Notes.— The  type  is  economically  the  most  important  of  the 
to  its  accessibility,  it  is  being  steadily  cleared  or  worked  over. 


Andamans,  and 


owing 


C2.  West  Coast  semi-evergreen  forest 

-rg,-  and  .he  „.„i. 

.1.0., g„  extensive  c„,«„cia2rare  lef  ‘  -ix«l 

eve, green.  B.mbma  amndinacea  is  ,l,e  typical  bimboo!’  '  " 

mois!  d«i,t',n”[u?u7[l"  !mly'I;  a 'T'T"  ""  ^nd 
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LOCALITY  FACTORS. — Rainfall  from  2,000-2,500  mm.  locally  much  more. 

Mostly  on  hill  slopes  from  450  to  1,050  m.  but  also  on  the  plains. 

ILLUSTRATION.— Plate  10. 

FLORISTICS.— 

(i)  S.  Kanara,  Mysore. — 

1.  Terminalia  paniculata*,  Diospyros  spp.,  Lagerstroemia  lanceolate,  Holigarna 
arnoltiana,  Lophopetalum  wightianum,  Machilus  macrantha,  Cinnamomum  sp., 
Hopea  parviflora,  Artocarpus  hirsute. 

11.  Elaeocarpus  serratus,  Mallotus  philippensis,  Diospyros  assimilis,  Ixora  arborea. 

III.  Webera,  Strobilanthes  spp.,  Ixora  malabarica. 

IV.  Climbers  and  canes  numerous. 

(ii)  Wynaad  and  Palghat,  Kerala. — 

1.  Artocarpus  hirsute,  Salmalia  malabarica,  Vitex  altissima,  Tetrameles  nudijlora, 
Acrocarpus  fraxinifolius* ,  Hopea  parviflora*,  Lagerstroemia  lanceolate,  Vateria 
indica,  Anthocephalus  cadamba,  Xylia  xylocarpa,  Terminalia  tomentosa,  Cedrela 
toona,  Grewia  tiliaefolia,  Dalbergia  latifolia,  Pterospermum  rubiginosum,  Rader- 
machera  xylocarpa,  Mesua  ferrea,  Adina  cordifolia,  Holoptelea  integrifolia,  Ptero- 
carpus  marsupium,  Sterculia  guttata. 

II.  Hydnocarpus  laurifolia,  H.  alpina,  Bischofia  javanica,  Mallotus  philippensis, 
Kydia  calycina,  Schleichera  oleosa,  Evodia  lunii-ankenda. 

Ila.  Bambusa  arundinacea,  Ochlandra  sji. 

(iii)  Trivandrum,  Kerala.- — 

1.  Artocarpus  hirsuta{o),  Hopea  parviflora*  f),  Adina  cordifolia  {o) ,  Lagerstroemia 
lanceolate  {o),  Terminalia  paniculata*  (a),  T.  tomentosa*  {a),  Salmalia  mala¬ 
barica  (o),  Tetrameles  nudiflora  (la),  Vitex  altissima  (f),  Holcptelea  integri¬ 
folia  (o),  Vateria  indica  (If),  Lophopetalum  (f),  Pterocarpus  marsupium  (f), 
Calophyllum  elalttm  (la),  Machilus  macrantha*  (a),  Grewia  tiliaefoha  (o), 
Terminalia  bellerica  (o). 

II .  Polyalthia  fragrans,  Canarium  slrictum,  Cinnamomum  zeylanicum,  Aporosa  lind- 
Icyana,  Mallotus  philippensis,  Xantlwphyllum  flavescens,  Embhca  officinalis, 
Bridelia  relusa,  Albizzia  odoratissima. 

Ila.  Bamboos  and  reeds  very  common. 

HI.  Clerodendron,  Glycosmis  penlaphylla,  Strobilanthes  sp. 

IV.  Entada  phaseoloides,  Butea  parviflora,  Strychnos  colubrina,  Dioscoreasp. 


WEST  COAST  SEMI-EVERGREEN  FOREST 
With  Lagerstroemia  lanceolata,  Salmalia  malabarica,  Terminalia  paniculata  etc. 

7FRI&C/64J  near  Poonmudi,  Kerala.  S.  K.  Seth 
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Plate  1 1 


WEST  COAST  SECONDARY  EVERGREEN  DIPTEROCARP  FOREST 
Dense  Hopea  growth  on  tea  estate  abandoned  about  40  years  earlier.  Chirikala. 


7  rRl*>.C/Ci] 
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Type  2J/  (C-^hSi) 

C3.  Tirunelveli  semi-evergreen  forest 

description.— Closed  forest  rarely  exceeding  30  in.  in  height,  with  a  two  or 
three  storeved  canopy  which  is  rather  open  February  to  April.  Epiphytic  moss  and 
lichens  arc  not  conspicuous  but  orchids  occur.  Climbers  fairly  numerous  and  canes 
are  abundant  at  the  higher  levels. 

DISTRIBUTION. — On  the  eastern  slopes  of  the  southern  VV.  Ghats  between 
250  and  550  m.  or  even  1,000  m.  between  the  wet  evergreen  above  and  the  moist 
deciduous  below,  as  a  relatively  narrow  strip. 

LOCALITY  FACTORS. — Rainfall  almost  equally  from  both  monsoons,  1,900- 
2,500  mm.  with  no  rain  from  Jan. -April.  Soil  red  gravelly  and  semi-laterite,  well 
drained. 

FLORISTICS.— 

Tirunelveli  Division,  (L.\SRADO) — 

I.  Hopea  {Balanocarpus)  iitilis*,  Hopea  parvijlora,  Plerospermum  spp.,  Kingioden- 

dron  pinnatum,  Stereospermurn  personalum,  Dalbergia  lalifolia,  Chukrasia, 
Arlocarpus  heterophyllus. 

II.  spp..  Euphoria  [Nephelium)  longana,  Drypetes  venusta,  Bischofia,  Carallia, 
Diospyros  spp. 

III.  Strobilanthes  spp.,  Glycosmis. 

2S1.  West  Coast  secondary  evergreen  Dipterocarp  forest 

DESCRIPTION. — Nearly  pure  forest  of  evergreen  Dipterocarpaceae  of  relativelv 
poor  development  but  with  an  even  and  typically  dense  canopy,  without  a  definite 
middle  sUney  but  with  an  undei growth  of  evergreen  shrubs. 

DISTRIBUTION. — On  the  coastal  plain  below  the  W.  Ghats. 

LOCALITY  FACTORS. —  A  high  rainfall  of  over  2,500  mm.  and  a  hot  equable 
climate  typified  by  Mangalore  (p.  82 j.  Stiff  red  tropical  soils  often  lateritic  on  fairlv 
level  country  intersected  by  a  network  of  eroded  depressions. 

ILLUSTRATION.—  Plate  11. 

FLORISTICS.— 

(i)  Pilarkhan,  .Y.  Mangalore  Division. — 

I.  Hopea  parvijlora*  (a),  //.  wightiana*  {\T),  Valeria  indica  (la),  Diospyros  micro- 
phylla  (f). 

II.  Aporosa  lindleyana  (a),  Olea  dioica  (f). 

Ila.  No  bamboo. 

III.  Memecylon%Y>.  {a) ,Syzygiumcaiyophyllatum  {a) ,  Pubiaceae  (a)  and  Aeanthaceae  {f) . 

V.  Calycopleris  (f). 
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Note.—  This  is  an  easily  recognizable  form  of  residual  forest  on  the  coast  owing  its 
existence  entirely  to  human  activities  among  which  lopping  for  green  manure  is  most 
important.  The  poorer  soils  revert  to  cleci.’uous  forest,  but  the  last  stages  of  denudation 
are  t^’pically  evergreen  scrub  {Ixora  coccinea,  Syzyghm  caryophyllntum,  Phoenix)  and  finally 
short  tufted  grass  with  scattered  bushes  of  Calycopteris. 

(ii)  Kerala — 

I./II.  Polynlthiafragrans,  Valeria  indica,  Kncma  attenuata,  Telrameles  nudiflora,  Hopeaparvi- 
flora*,  Vitex  altissima,  Xylia  xylocarpa,  Salmalia  malabarica,  Glochidion  sp.,  Maca- 
ranga  pell  ala,  Kingiodendron  pinna  turn. 

Ila.  Heavy  undergrowth  of  reeds  {Ochlandra  sp.*). 


Sub-group  2B.  Northern  Tropical  Semi-evergreen  Forests 

I.  NOMENCLATURE 


General  . 


Assam 


Bengal  . 


Orissa 


.  Tropical  evergreen  rain  forest  (in  part)  (SCHWEIN- 
FURTH). 

.  Riverain  semi-evergreen  forest  of  U.  Assam.  Terminalia- 
Morus  association  (ROWBOTHAM) . 

Semi-evergreen  forest  of  S.  Cachar. 

.  Wet  mixed  forest  of  N.  Bengal.  Wet  sal  forest  of  N. 
Bengal  (part). 

.  Evergreen  forest  (HAINE.S). 


2.  GENERAL  DESCRIPTION 

Dense  storeyed  high  forest  24-36  m.  high  in  which  evergreens  predominate  particularly 
in  the  lower  canopy  but  in  which  an  appreciable  proportion  of  the  canopy,  including 
some  of  the  most  t^^iical  species  are  deciduous  for  a  varying  but  usually  short  period 
during  the  dry  season.  In  comparison  with  the  southern  form,  the  tendency  to  ttie  gre¬ 
garious  habit  is  still  more  marked,  and  the  flora  is  not  so  rich,  but  the  differences  on  the 
whole  are  small.  Bamboos  are  often  absent  but  occur  freely  in  some  localities  (only  one  or 
two  species).  Canes  are  usual  along  water  courses  and  climbers  are  common. 

3.  DISTRIBUTION 

The  type  is  developed  in  the  moderately  heavy  to  heavy  rainfall  areas  of  Assam  and 
Bengal,  extending  down  the  east  coast  of  the  peninsula  to  Puri  in  Orissa. 

4.  LOCALITY  FACTORS 

These  forests  occur  under  habitat  conditions  widely  overlapping  those  of  groups  iB 
and  3B  and  the  representative  localities,  for  which  data  are  reproduced  below,  also 
support  both  these  groups;  it  is  probable  however  that  the  climatic  climax  on  average 
site?  would  fall  under  2B. 


Sub-group  2B 
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Temperature  Data  {centigrade) 


Month 

Assam 

DHUBRI 

35  ra- 

Assam 

TEZPUR 

79  m- 

Assam 

SILCHAR 

29  m. 

W 

JAl 

Mean 

Mean 

max. 

iMean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

January  . 

17-4 

23-0 

if8 

«7 

■3 

23.2 

1 1 -4 

18-4 

25-6 

II-3 

I7-I 

Fe  bruary  . 

l9-2 

25-0 

»3-4 

>9 

*0 

24-7 

'3-3 

20*1 

27-0 

13-2 

i8-6 

March 

23.7 

30-0 

>7-3 

22 

•7 

28-6 

i6-8 

23-8 

30-3 

17-2 

22-4 

April 

o6'2 

31-2 

21*2 

24 

•7 

29-5 

i9'9 

25-8 

31  -I 

20'4 

26-0 

May  . 

26-3 

29'9 

22*8 

26 

4 

30-4 

22'4 

27M 

31-5 

22-6 

27.3 

June 

27-2 

298 

24-5 

28 

1 

3'-4 

24-7 

CO 

3«  -8 

24'6 

27-9 

July 

27-8 

30-0 

25-7 

28 

6 

3"-9 

25-3 

28-7 

32-3 

25-1 

28-3 

August  . 

28-0 

30-2 

25-8 

28 

7 

3«-9 

25'4 

28-4 

31-9 

24-9 

28-4 

.September 

27-5 

298 

25-2 

28 

2 

31-6 

24-7 

28-3 

32  - 1 

24-6 

27-8 

October  . 

25-9 

29-1 

22.7 

26* 

0 

30-2 

21-8 

26-8 

31-3 

22-3 

25-8 

November 

22*1 

363 

17-8 

21  * 

8 

27-2 

•  6-4 

23-4 

29-4 

'7-5 

21-9 

December 

.8-3 

23-4 

132 

i8- 

2 

24*0 

12-3 

19-6 

266 

12-6 

18-3 

M.  A.  T. 

24-2 

•  . 

24- 

2 

•  . 

24-9 

23-9 

Annual  mean 

inax. 

28-2 

28- 

7 

.  . 

30-1 

29-2 

Highest  record 

41-1 

38-3 

.  , 

39-4 

40-0 

Annual  mean 
min.  , 

20*  I 

.  . 

I9'6 

.  , 

i9-7 

19-1 

Lowest  record  . 

2-8 

6 

1 

.  . 

5-0 

2‘2 

No.  of  years  . 

60 

*  • 

- 

40 

60 

J-  J 

55 

83  m. 


Mean 

max. 


Mean 

min. 


23 

24 

29 

3> 

31 

31 

31 

3« 

31 

30 

27 

24 


i0'6 
12-  I 

>5-7 

20’  I 
22’6 

24- 3 

25- 2 
25-2 
24-4 

21  -3 

i6-o 

II-8 


ranges  from  .,500  .oTo^o  ™  “or'  ku. 

average  humidity  is  relatively  high  (11™°^'!“'^'"''^  The 

season  being  short  or  moderaJLy‘tx::::i;  t:TL™  “ 
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Rainfall  {millimetres) 

Northern  Tropical  Semi-evergreen  Forest. 


1 

Assam 

Assam 

Assam 

West 

Month 

DHUBRI 

TEZPUR 

SIL- 

nengal 

jalpai- 

CHAR 

GURI 

35 

79  m. 

29  m. 

83  m. 

January . . 

8 

«5 

20 

8 

February  ........ 

'9 

25 

48 

17 

March  ........ 

42 

49 

172 

32 

April  .  . . 

138 

153 

385 

98 

May . 

401 

271 

417 

300 

June  ........ 

612 

308 

589 

659 

July . 

437 

348 

521 

818 

August  ........ 

338 

33« 

515 

641 

September . 

356 

210 

389 

539 

October . 

•25 

104 

184 

141 

November . 

10 

23 

45 

12 

December  ....•••• 

2 

6 

I  1 

Total  for  year  (M.A.R.) . 

2,487 

1,845 

3,294 

3,267 

No.  of  rainy  days . 

95 

'05 

137 

108 

No.  of  months  with  less  than  50  mm. 

5 

5 

4 

5 

M.  A.  Humidity . 

76 

78 

78 

75 

No.  of  years . 

60 

40 

60 

55 

Topography. — Largely  on  flat  ground  but  also  in  hilly  country  in  Assam  and  Orissa. 

Rock  and  Soil. — Most  of  the  area  covered  by  the  type  is  alluvial,  but  part  is  on  Ben¬ 
gal  gneiss  and  other  crystalline  and  metamoiphic  rocks.  The  soil  may  be  sandy  loam 
on  heavy  alluvium  or  clayey  soil  in  situ  :  it  is  usually  yellow  or  red  but  black  richly 
humic  soils  are  encoimtered  in  North  Bengal. 

5.  GENERAL  FLORISTICS 

The  top  storey  may  include  a  few  Dipterocarpus  but  their  presence  is  usually 
an  indication  either  that  the  forest  is  a  retrogression  stage  from  the  tropical  evergreen 
or  a  preclimax  stage  to  it.  Syzygimi,  Cinnamomum,  Magnoliaceae  and  Artocarpus, 
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all  tNT5lcal  evergreen  genera,  commonly  contribute,  whilst  Termtnaha  {T.  myno- 

carpT  T.citrina,  T.  lomenlosa),  Tetrameles  and  Slereospermum  are  common  among  the 
deciduous  trees.  The  species  are  usually  intimately  mixed  but  small  consociations 

of  dominants  are  frequent.  Shorea  robusta  only  retains  a  footing  with  burning  or  other 

desiccating  factors  but  at  present  occupies  a  good  deal  of  territory  as  a  stable  subclimax 
with  burning  and  would  otherwise  be  rapidly  replaced  owing  to  failure  to  regenerate. 


The  underwood  consists  of  various  Laiiraceae  {Phoebe,  Machilus,  Aclinodaphne,  etc.) , 
Anonaceae  {Polyallhia),  Meliaceae  {Aphananiixis) ,  Mesua. 

Bambusa  arundinacea,  Dendrocalamus  hamiltonii,  Melocanna  bambusoides  are  the  most 


characteristics  bamboos. 


The  ground  flora  is  poor  where  the  underwood  is  dense,  but  evergreen  Rubiaceae 
and  monocotyledonous  herbs  {Alpinia,  etc.)  are  abundant  where  the  light  is  adequate; 
grass  replaces  these  evergreens  under  burning  but  is  practically  absent  otherwise. 


6.  SUBDIVISIONS,  SUCCESSIONS,  etc. 

As  for  the  northern  tropical  evergreen  forest,  so  also  for  the  semi-evergreen, 
subdivision  on  a  geographical  basis  seems  indicated  and  four  forms  are  distinguished, 
three  from  the  Assam-Bengal  region,  and  one  on  the  east  coast.  Cane  brakes  (El, 
p.  101)  are  of  common  occurrence  and  moist  bamboo  brakes  (E3,  p.  101)  likewise. 


The  primary  seres  on  new  river  deposits,  both  fresh  water  and  tidal,  are  as  for 
evergreen  e.xcept  for  the  last  stage.  The  (^secondary  are  seres  similarly  indistinguishable, 
but  sub-himalayan  wet  mixed  forest  (C1/2S3,  p.  98)  calls  for  attention  though  it  is 
not  yet  proved  wliat  is  the  corresponding  climax  type  or  tyqjes.  Deciduous  sa¬ 
vannah  forest  (3C/C2/DS1,  p.  146)  readily  develops  on  alluvial  soil  after  clearing 
or  appreciable  opening  up,  grass  growth  and  fire  being  the  immediate  causes.  Into 
these  savannahs  sal,  which  is  characteristic  of  the  moist  deciduous  forests,  spreads  in 
time  and  with  protection  may  come  up  as  a  nearly  pure  crop,  to  be  displaced  in  time  by 
the  wet  mixed  type. 

The  following  types  are  described  below  : — 

Ci  Assam  Valley  semi-evergreen  forest 

I  a  Assam  alluvial  plains  semi-evergreen  forest 
ib  Eastern  submontane  semi-evergreen  forest 
I  Si  Suh-Himalayan  light  alluvial  semi-evergreen  forest 
1S2  {Syzygium  parkland) 

251  {Pioneer  Euphorbiaceous  scrub) 

252  Eastern  alluvial  secondary  semi-evergreen  forest, 

253  Sub-Himalayan  secondary  wet  mixed  forest 
C2  Cachar  semi-evergreen  forest 

C3  Orissa  semi-evergreen  forest 
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SUCCESSIONAL  RELATIONSHIPS  FOR  NORTHERN  TROPICAL 
SEMI-EVCffGREEN  FORESTS 


Cl.  Assam  Valley  Tropical  semi-evergreen  forests. 
Cla.  Assam  alluvial  Plains  semi-evergreen  forests. 


NOMENCLATURE.— 


General  .  .  .  .  '  .  .  •  (U.  -Assam  tropical  semi-evergreen)  (Sub-Himalayan 

,  tropical  semi-evergreen)-— (GELAMPIOX)  (1936) . 

West  Bengal  ......  Eugenia-Phoebe  association — (COWAN). 

. . Utingia-Magnolia-Cinnamomum  association — (ROWBO- 

THAM). 

Assam  Valley  semi-evergreen  formation — (RAJKHOW.A). 
Laurus-Melia  hylium — (BOR). 

Cinnanwrnum-Ainoora  association — (ROWNTREE). 
Mixed  evergreen  forests — (WORKING  PLANS). 
Other  species  post-climax — (BOR). 


description. — A  closed  largely  evergreen  high  forest  including  a  varying  pro- 
nortion  of  deciduous  trees  mainly  as  a  broken  top  storey.  Less  uniform  and  i«"Posing 
than  the  tropical  evergreen  forest  but  still  including  fine,  tall  and  large  trees.  Middle 
storey  dense  and  varied  undergrowth  including  much  cane,  etc.  Buttresses  are  a  com- 
mon  feature  and  strangling  figs  are  numerous. 


distribution.— In  the  lieavy 
parts  of  Assam  and  Biiutan,  at  present 
occupying  only  a  limited  area. 


rainfall  tract  of  N.  Bengal  and  the  adjoining 
often  confined  to  the  vicinity'  ol  lorai  sti  earns  and 
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Plate  12 


ASSAM  ALLUVIAL  PLAINS  SEMI-EVERGREEN  FOREST 
Phoebe-Amoora  association.  Goalpara  East  Division.  Assam 


nr  V  JS 

S.  K.  Seth 
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ILLUSTRATION.— Plate  12. 

LOG.ALITY  FACTORS.— Occurs  under  a  wide  range  of  rainfall  from  1,500  mm. 
to  5,000  mm.  or  more,  with  the  number  of  rainy  days  varying  from  9*^  to  I75>  low  figures 
usually  being  compensated  by'  other  favourable  factors.  Typical  rainfall  data  are  given 
for  Sam  Singh  T.E.  on  page  74  and  the  temperatures  are  probably  much  as  given  for 
Sibsagar;  mostly  on  light  alluvial  soils. 


FLORISTICS.— 

(i)  Kalimpong  division,  W,  Bengal  (COWAN) — 

I.  Eugenia  formosa* ,  Phoebe  kainesiana* ,  F.  alleimala,  Bcilschmiedia  sj)p.*,  Dysoxylum 
spp.,  Eugenia  rainosissima,  Castanopsis  itulica,  C.  Iribuloides,  Litsea  spp.,  Ter- 
minalia  myriocarpa,  Michelia  champaca,  Cinnamomum  spp.,  Elacocarpiis  spp.,  Tet- 
rameles  nudijlora,  Ailanthus  grandis,  Talaunia  hodgsoni,  Mangifera  indica,  Canarium 
sikkimense. 


II.  Meliosma  simplicifolia,  Amoora  wallichii,  Gynocardia  odorala,  Turpinia  pomifera, 
Styrax  sp.,  Actinodaphne  obovala,  etc. 

Ila.  No  bamboos. 

III.  Evergreen  shrubs  including  many  Rubiaceae. 

V.  Numerous  climbers. 


Note.  It  is  possiljle  that  this  should  only  be  considered  as  an  edaphic  postclimax 
on  permanently  moist  soils  but  it  is  included  here  as  it  is  by  no  means  improbable  that  it 
represents  the  climatic  climax  over  a  much  larger  tract  including  much  that  is  now  under 
the  admittedly  serai  wet  mixed  type  288  descrilied  on  p.  98;  the  latter  tvpe  merges 
into  tins,  rendering  recognition  difficult  at  times. 

(ii)  Aka  Hills,  Assam. — 


(a)  Laurus-Melia  hyliurn  (BOR). 

I.  Phoebe  spp*,  Beilschmiedia  spp.,  Cinnamomum  cecidodaphne,  Machilus  ramosa 

fhlfa  «PP•^  Dysoxylum  .spp.,  Cedrela  spp.,  Canarinm,  Mi- 
cheha,  Mangltelia,  Castanopsis,  AilanUm  grandis,  Telrameles,  AUingia. 

II.  Quercus  spp.,  Lii^.^spp.,  Valiea,  Talauma,  Meliosma,  Arlocarpus,  etc! 

III.  Strobilanthcs  spp.,  Psyeholria  spp.,  Laportea,  Pinanga. 

V.  Calamus  spp. 

(b)  Mesua-other  speeies  post-climax  (BOR). 

W/<,„  and  M.cMU  OUsopa  typical  cfIdglUl  i^7i‘  .uTc 
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frequent.  Among  the  few  deciduous  trees  are  Tetrameles  and  Echinocarpus 
Most  of  the  trees  are  buttressed.  Creepers  are  rare.  Dendrocalamus  hamil- 
tonii  and  Pscudostachyum  polymorphim  are  very  common. 

(iii)  Preservation  Plot  Ko.  i,  Khumani,  Kalimpong  Division,  JV.  Benoal.— 

I.  Mesua  ferrea*  75%,  Phoebe  altenmla*,  Syzygium  spp.,  Dysoxylum  spp., 
Mangifera  sylvatica,  Cinnamomum  obtusifolium,  Litsea  spp.,  Eugenia  formosa. 

II.  Meliosma  simplicifolia,  Amoora  wallichii,  Talauma  hodgsoni. 

(iv)  Brahmaputra  Valley,  Assam. — 

Cinnamomum- Amoora  association  (ROWNTREE) 

I.  Phoebe  spp.,  Beilschmiedia  spp.,  Cinnamomum  spp*.,  Amoora  wallichii*,  Dy¬ 
soxylum  spp.,  Chukrasia,  Canarium,  Syzygium  spp.,  Caslanopsis  spp.,  Man- 
glietia,  Michelia,  Ailanthus  grandis,  Tetrameles,  Michelia  champaca. 

II.  Litsea,  Vatica,  Talauma,  Meliosma,  Quercus  spp. 

I  la.  Bambusa  pallida,  Dendrocalamus  hamiltonii. 

V.  Calamus  spp.,  Dalbergia,  Porana,  Vilis. 


(v)  S.  bank  of  Brahmaputra,  Assam  (RAJKHOWA) — 

I/II.  Artocarpus  chaplasha  (1-2%),  Alphonsea  ventricosa  (0-5%),  Castanopsis 
indica*  (4-7%),  Canarium  spp.  (1-5%),  Dillenia  indica  (0-6%), 
Dysoxylum  procerum*  (2-4%),  Magnolia  spp.  (1-10%),  Mesua  (0-7%), 
Stereospermum  personatum  (7-8%),  Tetrameles  (0-6%). 

fvl)  N.  bank  of  Brahmaputra,  Assam  (RAJKHOWA) — 

I/II.  Artocarpus  chaplasha  fi%),  Amoora  wallichii*  (1-6%),  Castanopsis  spp. 
(2-3%),  Canarium  spp.  (2%),  Dysoxylum  procerum*  (5-8%),  Dillenia  indica 
(0-11%),  Syzygium  spp.  (1-2%),  Mesua  (1-3%),  Garuga  pinnata  (2-5%), 
Michelia  montana  (1-5%),  Manglietia  wignis  (3-5%)  >  Pterospermum 
(0-5%),  Machilus  globosa  {1-3%),  Phoebe  goalparensis  (6-13%),  Talauma 
(2-8%),  Taraktogenos  (1-2%). 


Cib.  Eastern  submontane  semi-evergreen  forest 


NOMENCLATURE. — Schima-Bauhinia  association  (COWAN). 


DESCRIPTION  — Closed  but  rather  irregular  high  forest  with  evergreen  species 
predominating  in  the  top  canopy,  but  u-ith  a  number  of  deciduotis  or  nearly  deciduous 
species;  the  lower  canopy  is  mainly  evergreen  and  without  bamboos  and  there  is  usually  a 

shrubby  undergrowth. 


UISTRIBUTION.-In  the  sub-Himalayan  tract  and  the  lower  slopes  of  the  hills 
between  the  mainly  deciduous  and  mainly  evergreen  forests,  in  N.  Bengal  and  adjoining 
parts  of  Assam  and  Nepal. 
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LOCALITY  FACTORS. — The  type  is  associated  with  a  heavy  rainfall  of  even  upto 
5,000  mm.  but  usually  occurs  on  well  drained  slopes  from  the  foot  of  the  range  to  about 

760  m.  or  more. 

FLORISTICS.— 

(i)  Lower  hill  slopes,  Kalimpong  Division,  W.  Bengal  (COWAN). — 

(Schima-Bauhinia  association) . 

I.  Schima  wallichii*  (E)(i9%),  Bauhinia  purpurea*  (E/D)  10%,  Cedrela  toona 

(D)  3%,  Stereospermum  tetragoriurn  (D)  3%,  Caslanopsis  indica  (E),  Ailanthus 
grandis  (D),  Duabanga  grandijlora  (E),  Eugenia  formosa  (E),  Dysoxylum  spp. 

(E) ,  Michelia  champaca  (E),  Telrameles  nudijlora  (D),  Grnelina  arborea  (D). 

11.  Phoebe  lanceolata* {4%) ,  Turpinia  pomifera,  Garcinia  stipulaia,  Meliosma  siniplici- 
folia,  Actinodaphne  obovata,  Mallotus  spp.,  Gynocardia  odorata. 

1 1  a.  Dendrocalamus  hamiltonii,  or  none. 

(ii)  E.  Nar  block,  Kalimpong  Division,  IT.  Bengal. — 

1.  As  for  (i)  with  the  addition  of  Terminalia  myriocarpa,  Amoora  wallichii,  Canariutn 
sikkimense  and  Acrocarpus. 

Note. — The  wet  mixed  forest  dealt  with  below  on  p.  98  is  unquestionably  a  serai 
community,  but  it  is  not  at  present  possible  to  say  definitely  what  the  climax  of  the  sere 
is.  On  indirect  evidence  it  should  mostly  be  the  northern  tropical  wet  evergreen,  but  it 
is  equally  probable  that  there  are  consideral)le  tracts  which  would  come  under  the  pre¬ 
sent  type,  both  in  tracts  where  the  rainfall  is  less  heavy  and  others  on  light  or  well 
drained  soils  with  heavy  rainfall.  Similarlv  semi-evergreen  forest  may  be  found  on  free 
draining  sites  adjoining  evergreen  forest  on  the  more  retentive  soils. 


iSi.  Sub-Himalayan  light  alluvial  semi-evergreen  forest 

(a)  Sadiya  district,  Doyang  and  Dhansiri  valleys  of  Sibsagar  district,  Assam.— 
Terminalia-Phoebe  associes  (ROWNd’REE). 

I.  Terminalia  myriocarpa*,  Phoebe  (Sadiya)  ox  P.  cooperiana*  (Sibsagar) 

Ailanthus  grandis,  Tetrameles  nudijlora,  Bischofia,  Sloanea  assamica,  Duabanga. 
II.  Mesuaferiea,  Dillenia  indica,  Meliosma ,  Gynocardia,  Amoora. 

I  la.  Bambusa  pallida,  Pseudostachyum  polymorphum. 

HI.  Calamus  spp.,  Litsea  sp.,  Pinanga,  Musa,  Dracaena,  Clerodcndron  nutans. 

IVa.  Alpinia,  Phrynium,  Clinogyne. 

V.  Calamus  spp.,  Vitis  spp.,  Entada,  Derris,  etc. 


Note.  ROWN  I  REE  considers  this 
part  at  least  must  be  considered  secondar 
150  years  ago. 


an  advanced  stage  in  a  succession  which  in 
y  as  the  area  was  densely  populated  prior  to 


(b)  Goalpara  West  Division,  Assam.— 

Syzygium-Tetrameles-Machilus  subtype  (RAJKHOWA). 
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I.  Syzygium  (Eugenia)  spp.*  (25%),  Tetrameles*  (17%),  Machilus  bombycina*  (15%), 

Stereospermum  personatum  (4%),  Albizzia  lebbek  (3%),  Garuga  (2%). 

II.  Amoora  wallichii  (5%),  Premna  bengalcnsis  (3%),  Sapium  baccatum  (2%). 

(c)  Goalpara  West  Division,  Assam. — 

Michelia  subtype  (RAJKHOWA). 

I.  Michelia  champaca*  (6%),  Tetrameles  (10%),  Stereospermum  (9%),  Schima 
wallichii  (6%),  Pterygota  alala  (3%),  Machilus  bombycina  (8%). 

II.  Amoora  wallichii  (7%),  Castanopsis  spp.  (5%),  Syzygium  spp.  (9%),  Premna 
bengalensis  (4%). 

iS2.  Syzygium  parkland 

NOMENCLAT  URE.— parkland  (BOR). 

High  savannah  (ROWNTREE). 

DESCRIPTION. — A  very  open  stand  of  low  branchy  trees  about  3  m.  high  growing 
in  a  sea  of  grass  2  m.  or  more  high. 

DISTRIBUTION. — On  heavy  alluvium  adjoining  sal  forests  in  the  Brahmaputra 
valley. 

LOCALITY  FACTORS. — Soil  heavy  and  waterlogged  during  the  rains.  Burnt 
annually  in  the  hot  weather. 

FLORISTICS.  (BOR)— 

L  Syzygium  cerasoideum* ,  S.  cumini*,  Emblica  officinalis,  Gmelina  arborea,  Semecarpus 
anacardium,  Bridelia  spp. 

III.  Glochidion  assamicum,  Leea  edgeworthii,  Anlidesma  diandrum. 

IVb.  Imperata  (dormndint) ,  Saccharum  spontaneurn,  Ophiuros,  Vetiveria  etc. 

Note.— “One  of  the  stages  in  the  succession  from  grassland  to  high  forest”  (BOR). 
The  type  appears  to  be  intermediate  between  the  wetter  4/2S2  and  be«er  drained  4/2S1 
in  which  tall  trees  such  as  Salmalia  and  Albizzia  replace  the  low  Syzygium. 

2S1.  (Pioneer  Euphorbiaccous  Scrub) 

This  is  described  under  grouj)  1/2S1,  p.  80. 

2S2.  Eastern  alluvial  secondary  semi-evergreen  forest 

NO.MENCLATURE.— Assam  secondary  semi-evergreen  formation.  (RAJKHO^VA). 

Stereospermmn-Ailanlhus-Albizzia  associes.  (ROWNTREE) 
DESCRIPTION.— High  forest  of  mixed  species  similar  to  the  climax  type  with  the 
inclusion  of  more  deciduous  species. 

distribution.— Plains  of  U.  Assam  typified  by  Hollongapar  Reserve,  Sibsagar 
Division,  Assam. 
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LOCALI  TY  FACTORS. — The  cliinatc  of  Golagliat  and  lezpur  may  l)c  taken  as 
representative,  rainfall  being  in  the  neighbourhood  of  2,000  mm.  but  sinidar  forest  occurs 
with  considerably  greater  precipitation.  Alluvial  loamy  sods  m  the  plains. 


FLORISTICS.— 

(i)  Hollongapar  Reserve,  Sibsagar  Division,  Assam  (ROWBOTHAM)— 

I.  Tetramdes  nudiflora  (D),  Slereospermum  personatum  (D),  Terminalia  myriocarpa 

(D) ,  r.  citrina  (D),  Dipterocarpus  pilosus  (E),  Artocarpus  chaplasha  (E),  Casta- 
nopsis  hysirix  (E),  Aquilaria  agallocha  (E). 

11.  Macaranga  spp.  (E),  Melia  azedaraeh  (D),  Mesua  ferrea  (E),  Amoora  ivallichi 

(E) ,  Vatica  lanceaefulia  (E). 

I  la.  Pscudostachyum  polymorphim. 


Note. — The  tract  is  believed  to  have  been  jhumed  over  100  years  ago;  the  ever¬ 
greens  are  becoming  dominant  in  places  and  appear  likely  to  spread  further. 

(ii)  Lakhimpur,  Assam,  Open  type  hollong  forest.  (PURKAYASTHA) — 

1.  Ailanlhus  grandis*,  Pterospermum,  Albizzia  lucida,  Slereospermum* ,  Terminalia 
citrina,  T.  bellerica,  Dipterocarpus  macrocarpus,  Antlwcephalus. 

II.  Macaranga,  Mallotus  albus,  ^anthozylum,  Alstonia,  Actinodaphne,  Litsea  monope- 
tala,  etc. 


Ila.  Bambusa  pallida,  Pscudostachyum,  Dendrocalamus  hamiltonii. 

III.  Laportea,  Melastoma,  Osbeckia. 

IVa.  Phrynium,  Alpinia. 

V.  Calamus  spp. 


Note. — A  stage  of  a  secondary  sere,  returning  to  the  evergreen  D'pterocarp  t)  pe. 

(iii)  Naduar  Reserve,  Assam  (RAJKHOWA) — 


I.  Pterospermum  acerifolium*{8%),  Dillenia  indica*  (25%),  Dysoxylum proccrum  (6%), 
Salmalia  malabarica  (4%),  Bisehofia  (2%),  Artocarpus  chaplasha  (2%)’ 
Duabanga  (2%),  Litsea  sebifera  (2%). 


II.  Premna  lalifolia  (8%),  Bauhinia  sp.  (6%). 

Note.  The  forest  was  origina'ly  described  as  a  swamp  type. 

(iv;  Assam.  Tetrameles-Stereospermum-Cedrela  formation  (ROWNTREE) _ 

1.  Tctrameles*,  Stereosperminn* ,  Cedrela  toona*,  Albizzia  procera,  Alstonia  (E) 

Amoora  wallichn  (E),  .Artocarpus  chaplasha  {D),  Pterygota  alata  (E/D)  Euh- 
horta  longana  (E),  etc.  '  ^ 


II.  Ilydnocatpus  kurzu  (E),  Amoora  spp.  (E),  Drypetes  elliptica  (E'l 
Dysoxylum  procerim  (E),  etc. 


Macaranga, 


V.  Spatholobus,  Derris,  Combretum  decandrum,  Acacia pruinescens  etc 
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Note.— ROW  N  TREE  treats  this  type  as  a  deciduous  climax  formation  but  from 
his  description  it  appears  definitely  to  be  an  extensive  secondary  type  following  clearing 
and  fire.  Later  workers  have  queried  whether  this  type  is  correctly  interpreted. 

(v)  Assam.  Pterospernium-Ailanlhus-Albizzia  associes  (ROWNTREE). 

Note. — ROWNTREE  describes  under  this  title  three  “open  types”  of  forest  thought 
to  be  more  or  less  advanced  stages  of  secondary  seres  following  shifting  cultivation  in  "the 
climax  evergreen  forest.  In  two  of  them,  Terminalia  myriocarpa  is  well  represented  giving 
a  similar  appearance  to  the  primary  serai  types  i  S  i  described  above,  probably  leading 
to  the  iB  'C2  climax  (p.  77)  whilst  the  third  is  probably  similarly  related  to  the  Dipterocar- 
pus  iB/Ci  (p.  76).  Floristic  lists  are  given  by  ROWNTREE. 


2S3.  Sub-Himalayan  secondary  wet  mixed  forest 

NOMENCLATURE. — The  term  “wet  mixed”  is  well  established  in  Bengal. 


DESCRIPTION. — A  dense  evergreen  forest  with  or  without  scattered  tall  deci. 
duous  or  evergreen  trees  standing  above  the  general  canopy.  Consociations  are  fairly 
frequently  found  but  the  crop  is  typically  very  mixed.  Bamboo  is  usually  absent 
and  as  usual  the  amount  of  undergrotvth  varies  from  almost  nil  to  a  dense  evergreen 
ground  cover.  Climbers  are  not  usually  heavy  apart  from  the  cane  brakes  which  are 
frequently  encountered  particularly  on  the  wettest  ground. 

DISTRIBUTION. — In  the  heavy  rainfall  tract  of  N.  Bengal  and  the  adjoining 
parts  of  E.  Assam  and  Bhutan,  at  present  confined  to  the  moister  soils  of  the  larai  belt 
and  lower  parts  of  the  bhabar  but  rapidly  extending  with  protection. 

LOC.ALITY  FACTORS.— Rainfall  is  usually  over  2,500  mm.  and  the  effect  of  the 
well  marked  dry  season  (4  months)  is  largely  counter-acted  by  the  moisture  of  the  soil 
which  is  maintained  from  underground  sources.  Kalchini  is  a  representative  locality 
Kochugaon  in  Goalpara,  Assam,  with  4,000  mm.  rainfall  is  very  similar.  The  cold 
weather  is  also  pronounced  and  with  heavy  clew  but  there  is  no  fiost.  The  soil  is  allu¬ 
vium  of  varying  consistence  but  mostly  heavy  and  moisture  retaining. 

ILLUSTR.ATION.— Plate  13. 


FLORISTICS.— 

Preservation  Plot  No.  2,  Lataguri,  Jalpaiguri,  IV.  Bengal  {including  part  of  Linear 

S.P.A)-— 

1.  Michelia  montana*,  Turpinia  pomifera,  Eugenia  praecox*,  Machtlus  spp., 
Elaeocarpus  spp.,  Echinocarpus  sicrculiaceus,  Quercus  sp.,  Castanopsis  sp.,  Pygeum 
acuminatum,  Shorea  robusla,  Myristica  sp.* 


II  Saurauja  roxburghii,  Aporosa  dioica,  Symplocos  sp.  Meliosma  pinnata, 
serrulatum,  Aphanamixis  polystachya  {Amoora  rohituka),  Cryptocarya 
bunda,  Litsea  spp.,  Dysoxylum  binectariferum,  Casearw  sp. 

HI.  Sparse  Leea  crispa]  various  monocotyledons. 


Styrax 

Jlori- 


1  FKI&C/f^J 


SUB-HIMALAYAN  SECONDARY  WET  MIXED  FORF'iT 
//ex  godfljam  (left  centre).  Ternst|>em;oyapon/co  mark),  Mac/7//us  gamb/e/  hA  villosa 
Talauma  hodgsoni  Eurya  acuminata,  Actinodcphne  angustifolia  etc.  ’  ' 

Bendubi,  Kurseong  Division,  West  Bengal. 


H.  G.  Champion 


Type  2BI{2S2lC2) 
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IV.  Climbers  moderate  to  heavy-  including  canes. 

(ii)  p„,trval,onPUNo.2i,BengdM,  Kurseeng  divism,  W.Bagal.- 

I  Mima  wallicUi.  Macbilas  villosa,  Syz^gium  cumim,  Ternsimmia  gymnanlbaa , 
Podompua  nemfolia.  Lophopetalum  fmibnatum,  Muheha  oblonga  M.  cham. 
paca\  Ailanllms  grand.!,  Tmpinia  pomi/era*,  Elarocarpus  varunnia,  AclMdaphru 
obovata,  Pterygola  data,  Shorea  robusta. 


II  Ilex  godajam,  Aporosa  dioica,  Acronychia  pedunculata,  Aphanamixxs  polystachya. 
Magnolia  pterocarpa,  Maslixia  pentandra,  Eurya  acuminata,  Saptum  baccatum, 
Meliosma  simplicifolia,  Oroxylum  indicum,  Mallotus  phiUppensis,  Diplos- 
pora  singularis,  Casearia  vareca,  Macaranga  denticulata,  Careya  arborea,  6au- 
rauja  roxburghii,  etc. 

III.  Cojea  bengalensis,  Clerodendrum  viscosum. 


IV.  Ferns  etc. 


V.  spp.,  canes. 

(iii)  Western  portion  of  Preservation  Plot  No.  6,  Bania  Block,  Gooch  Behar  division,  IV. 
Bengal. — 

Resembles  (ii)  in  having  Michelia  champaca  and  Arlocarpus,  but  lacks  Schima  and 
Dyso.xylum.  It  also  includes  Myristica  longifolia,  Tetrameles,  Polyalthia  simiarum 
and  Mesua  ferrea.  It  is  of  interest  that  the  Myristica  and  Polyalthia  are  re¬ 
generating  freely,  as  also  is  Mesua  which  is  spreading  from  trees  which  may 
have  been  introduced. 


General  Note. — It  is  quite  clear  that  this  type  covers  stages  of  the  succession 
to  a  north  tropical  evergreen  forest  from  the  deciduous  forest  which  has  displaced 
the  latter  owing  to  human  activities  among  which  clearing  must  have  played  some 
part,  but  burning  out  from  the  clearings  may  in  the  long  run  have  been  most  influen¬ 
tial.  The  finest  development  is  that  including  Michelia  champaca.  It  is  not  possible 
to  determine  whether  any  representative  examples  of  the  climax  still  exist,  for  the 
type  described  above  as  Upper  Assam  valley  tropical  evergreen  has  almost  certainly 
been  considerably  influenced  by  the  same  human  activities. 


C2.  Cachar  tropical  semi-evergreen  forest 

NOMENCLATURE.— 


Assam. — Mixed  semi-deciduous  type  (in  part)  (W.P.). 
Manipur.— Tec tona-Dipicrocarpus  hylium  {'m  part)  (DEB). 


I  The  upper  canopy  is  18-24  m-  usually  not  dense,  though 

almost  closed  on  tops  and  r.dges  of  hills.  Elsewhere  reduced  to  a  very  few  trees  seft- 
tered  over  dense  Melocanna.  There  ic  nn  r  i  i  .. 

moist  deciduous  forest.  ofdemarcat.on  between  this  and  the 
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DISTRIBU  TION.— On  the  lower  sloi)cs  of  the  Cachar  hills  and  in  the  Surma  Val¬ 
ley,  the  Lushai  and  Manipur  hills. 

LOCALITY  F.A.CTORS.— The'climatic  data  for  Silchar  may  be  taken  as  fairly 
typical  with  a  rainfall  somewhat  over  2,500  mm.  Southern  and  western  aspects  are 
favoured,  the  moister  northern  and  eastern  slopes  being  in  possession  of  the  tropical 
evergreen.  The  rainfall  for  the  Manipur  type  is  estimated  at  2,000  mm.  at  an  altitude 
of  loom.  The  soil  is  sandy  loam,  and  laterite  at  the  foothills. 

FLORISTICS.— 

(i)  Cachar,  Assam. — 

I  &  II.  Artocarpus  chaplasha* ,  Dipterocarpus  turbinatus* ,  Palaquium polyanthum,Cyncme- 
tra  polyandra,  Eugenia  spp.,  Vitex  peduncularis,  Piereospermum  acerifolium,  Ptery- 
gota  alata,  Chukrasia  velulina,  Telrameles  nudiflora,  Adina  cordifolia,  Protium 
serratum,  Albizzia  procera,  Premna  bengalensis,  Gmelina  arborea,  Salmalia 
insignis,  Stereospermum  personalum  and  many  others. 

I  la.  Meloeanna  bambusoides. 

III.  Evergreen  shrubs. 

(ii)  JCabaio  Valley,  Manipur,  too  m.  (DEB). — • 

I.  Dipterocarpus  tuberculatus*  (f),  D.  turbinatus*  (f),  Melanorrhoea  usitata*  (f), 
Duabanga  grandiflora  (o),  Xylia  dolabriformis  (o),  Dillenia  pentagyna  (o), 
Lagerstroemia  parviflora  (o),  Terminalia  tomentosa  (o),  Gmelina  arborea  (o). 

II.  Terminalia  eilrina,  Emblica  officinalis,  Engelhardtia  spicata,  Saurauja  nepoul- 
ensis,  Symploeos  racemosa,  Mallotus  philippensis. 

I  la.  Meloeanna  bambusoides. 

III.  IVendlandia  grandis,  Woodfordia  frutieosa,  Buddleia  asiatica,  Indigofera pulchella, 
Leea  spp.,  Desmodium  spp.,  Licuala  peltata. 

IVa.  Polygala  erotolarioides,  Polygonum  chinense,  Hedychium  villosum. 

V.  Climbers  sometimes  dense,  Entada  phaseoloides,  Mticuna  bracteata,  Atylosia 
crassa  etc. 

Note.— Here  also  further  studies  are  badly  needed.  Though  much  of  the  area 
woidd  be  expected  to  have  tropical  evergreen  as  the  climatic  climax,  it  secm.s  likely 
that  the  semi-evergreen  stage  holds  this  position  locally  at  least  on  the  more  exposed 
aspects  A  great  deal  of  the  area  has  been  traversed  by  jhuming  and  has  degenerated 
into  bamboos  brake  with  Meloeanna  bambusoides,  Tinostachyum  dullooa  and  Bambusa 
balcooa  with  scattered  standards  both  evergreen  and  deciduous. 

C3.  Orissa  tropical  semi-evcrgreen  forest 

description. — Whilst  a  number  of  the  top  storey  trees  are  deciduous,  they 
are  for  a  short  time  only  and  not  sitnaltancottsly,  and  the  second  storey  is  entirely 

evergi een, 


Plate  14 


FRIfaC/6)] 


‘ORISSA  SEMI-EVERGREEN  FOREST 

The  biggest  stem  Is  f/rmiono  eolorcte.  Mango  is  also  common. 


Puri  Division,  Orissa. 


S.  K.  Seth 
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DISTRIBUTION. — On  the  Orissa  hills  at  800  m.  or  so  and  in  lower  permanently 
moist  valleys. 

LOCALITY  FACTORS. — Limited  to  fertile  fresh  soils;  rainfall  1,500  mm.  or  more. 
Humidity  high  under  oceanic  influence. 

ILLUSTRATION.— Plate  14. 

FLORISTICS.— 

I.  Artocarpus  lakoocha*  (D),  Michelia  champaca  (E),  Celtis  tetrandra  (D), 
Bridelia  tomentosa  (D),  B.  verrucosa  (D),  Dillenia  pentagyna  (D),  Saraca  indica 
(E),  Ficus  spp.,  Mangifera  indica*,  Firmiana  colorata* 

II.  Aphanamixis  polystachya,  Mesua  ferrea,  Phoebe  lanceolata,  Polyalthia  spp., 
Macaranga  peltata,  Glochidion  spp.,  Litsea  nitida,  etc. 

Ill/IVa.  Many  small  evergreen  shrubs  and  perennials;  Curcuma  aromatica,  Leea 
crispa. 

Note. — The  undisturbed  climatic  climax  no  longer  exists  and  we  can  only  surmise 
that  the  rapid  invasion  of  the  damp  deciduous  forests  and  coastal  sal  by  evergreen 
species  after  successful  fire  protection  will  lead  to  a  climax  which  would  be  classified 
here,  in  fact  some  existing  patches  of  forest  appearing  to  be  post  climaxes  on  favoured 
sites  might  even  be  included  as  tropical  fully  evergreen  forest,  where  also  it  has  been  much 
planted  outside  its  natural  range. 


GENERAL  EDAPHIC  AND  SERAL  TYPES  OF  SEMI-EVERGREEN  FORESTS 


Ei.  (Cane  brakes) 

This  is  described  under  group  i/Ei,  p.  79. 

E2.  (Wet  bamboo  brakes) 

This  is  described  under  group  i  /E2,  p.  80. 

E3.  Moist  bamboo  brakes 

DESCRIPTION.— More  or  less  continuous  cover  of  one  or  two  species  of  tall 
clumped  bamboos  with  occasional  standards  of  rermina/tor  and  other  trees. 

DISTRIBUTION.— Locally  throughout  the  semi-evergreen  and  moist  deciduous 
types. 


LOCALITY  FACTORS.— The  natural  occurrence  of  bamboo  brakes  would  appear 

to  depend  on  soxl  conditions,  and  they  favour  stream  sides  and  shady  slopes,  but  they  have 
extended  their  territory  very  greatly  as  secondary  associations 
ILLUSTRATION.— Cf.  Plate  7. 

FLORISTICS.— 


(i)  Andaman  Islands  (WORKING  PLAN)— 

I.  Terminalia*  spp.,  Salmalia,  etc. 

II.  Oxytenanthera*  sp.,  Bambusa  schizostachyoides. 
9—7  FRI  &  c/64 
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(ii)  Nilamhur,  Kerala. — 

I.  Terminalia  crenulata.* 

I  la.  Bambusa  arundinacea.* 

III.  Clerodendrum  viscosum.* 

Note — ^The  thorny  bamboo,  Bambusa  arundinacea,  is  met  with  along  streams 
throughout  tropical  India  and  often  extends  some  distance  up  the  slopes  in  sheltered 
localities  (Kanara  and  Nilambur  provide  good  examples).  As  it  reaches  maturity  it 
forms  giant  clumps  (upto  20  m.  high)  standing  well  apart  on  the  ground  which  carries 
very  little  else  except  a  few  small  shrubs.  This  thorny  bamboo  brake  extends  practi¬ 
cally  unchanged  northwards  into  the  northern  moist  deciduous  forests,  where  also  it 
has  been  much  planted  outside  its  natural  range. 


E4.  Lateritic  serai-evergreen  forest 

NOMENCLATURE.— 

Mysore — Xylia  mixed  forest  (DAVIS). 

DISTRIBUTION. — Occurs  on  lateritic  soils  in  various  parts  of  India  particu¬ 
larly  in  the  peninsular  region  extending  upto  S.  Bengal  and  is  particularly  charac¬ 
terised  by  the  presence  of  Xylia  xylocarpa. 

LOCALITY  FACTORS. — The  climate  is  as  for  the  main  types  but  the  soil  is 
usually  derived  from  thick  lateritic  and  is  shallow  and  dry. 

FLORISTICS.— 

1.  Xylia  xylocarpa*  (va),  Pterocarpus  marsupium*  (f),  Anogeissus  latifolia  (o), 
Grewia  tiliaefolia  (o),  Terminalia  s,pY>.*  (f). 

II.  Gareya  arborea,  Bridelia  retusa,  Calycopteris  floribunda,  Strychnos  nux-vomica, 
Leea  indica. 

III.  Generally  sparse — Adhatoda  vasica,  Holarrhena  ant'dyscnterica. 

2S1.  Secondary  raoist  baraboo  brakes 

DESCRIPTION. — The  thorny  bamboo  brake  is  identical  in  form  throughout 
both  northern  and  southern  moist  deciduous  forests.  It  is  sufficiently  aggressive  to 
be  able  to  hold  its  own  against  tree  growth  though  the  latter  probably  gams  ground 
after  seed  years,  so  that  very  gradually  the  bamboo  ceases  to  dominate.  The  brakes 
of  N.  Bengal  and  Assam,  which  are  formed  by  Dendrocalamus  hamiltonii  with  its  charac¬ 
teristic  low  spreading  habit,  also  holds  tenaciously  to  ground  once  occupied.  Under 
a  closed  bamboo  crop  the  floor  is  usually  almost  devoid  of  tree  regeneration  but  scatter¬ 
ed  shrubs  and  thin  grass  may  occur. 

DISTRIBUTION. — Locahy  throughout  the  moist  deciduou?  forests. 

T.OCALITY  factors.—  As  per  the  main  type. 
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Plate  16 


ANDAMANS  MOIST  DECIDUOUS  FOREST 
A  group  of  Termlnalia  bialata.  Woodleys  Island,  Middle  Andamans. 
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FLORISTIGS.— 

(i)  Andamans. — 

Oxytenanthera  nigrociliata .  * 

(ii)  Cachar  (moist). — 

Melocanna  bambusoides.* 

(iii)  jV.  Cachar. — 

Bambusa  tulda.* 

(iv)  E.  Himalayas. — 

Dendrccalamus  hamiltunii*. 


GROUP  3.  TROPICAL  MOIST  DECIDUOUS  FORESTS 

Sub-group  3A.  Andamans  Moist  Deciduous  Forests 

Ci.  Andamans  moist  deciduous  forest 

DESCRIPTION. — There  is  typically  a  somewhat  irregular  top  storey  of  predo¬ 
minantly  deciduous  trees  about  40  m.  or  more  in  height,  many  of  the  trees  being  of  very 
large  girth  and  heavily  buttressed.  Beneath  these  trees  is  a  rather  definite  second  storey 
of  numerous  species  including  some  evergreens,  though  most  are  deciduous,  and  there 
is  a  fairly  complete  shrubby  evergreen  undergrowth,  including  patches  of  bamboo.  Clim¬ 
bers  are  heavy  and  often  include  canes. 

DISTRIBUTION.— Met  with  throughout  the  Andaman  Islands  covering  nearly 
half  their  total  area.  There  appears  to  be  a  limited  area  of  similar  forest  in  the  Nicobars. 


LOC  ALITY  FACTORS. — ^The  climatic  data  given  on  p.  108  for  Port  Blair  are  pro¬ 
bably  fairly  representative.  The  underlying  rock  is  chiefly  rather  hard  coarse 
grained  sandstone  with  bands  of  shale  and  conglomerate,  and  the  soil  which  is  often 
shallow,  is  a  sandy  or  clayey  loam  of  light  yellowish  colour.  The  type  is  confined  to 
the  hilly  ground  and  does  not  extend  much  above  100  m.  where  it  is  displaced  by 
tropical  evergreen,  nor  does  it  occur  on  the  flat  alluvial  ground  where  the  low  ever¬ 
green  forest  described  on  p.  62  is  in  possession. 

ILLUSTRATIONS.— Plates  15  and  16. 

FLORISTICS.— 


(i)  Andaman  Is.  (CHENGAPPA,  ETC.) — 


I.  Pterocarpus  dalbergioides*  (S/D),  Terminalia  bialata*  (D),  T.  manii*,  T.  procera  (D) 
Canarium  euphyllum,  Pterocymbium  tinctorium  (E),  Salmalia  insignis  (D),  Lagers- 
troemia  hypoleuca  (D),  Tetrameles  nudiflora  (D),  Chukrasia  tabularis  (S/D),  Albizzia 


II,  Lannea  coromandelica  Adenanthera  pavonina  [Ti),  Dillenia  pentagyna,  Diospyros  mar- 
rnorata  etc.  (E),  Saccopelalum  tectonum  (E),  elliptica,  Crotoxylon  formosum 

Semecarpus  kurzn,  Ctnnamomum  spp.,  Pterospermum  aceroides.  ’ 
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I  la.  Oxytenanthera  nigrociliata,  Bambusa  schizostachyoides. 

Ilia.  Murraya  paniculata,  Atalantia  monophylla,  Pleiopermium  alatum,  Canthium  eracilibes 
Ixora  grandifolia.  ’ 

Illb.  Rinorea  bengalensis,  Mallotus  acuminatus,  Glycosmis  pentaphylla,  Licuala  peltate. 

V.  Venttlago  madraspatana,  Delima  sarmentosa,  Harrisonia  spp.,  Buettneria  anda- 
manensis,  Acacia  pennata,  Entada  phaseoloides,  Calamus  spp. 

Note.— This  type  is  unquestionably  a  stable  preclimax  to  the  tropical  evergreen 
determined  by  the  soil  which  is  such  that  it  dries  out  considerably  in  the  period  January— 
April  in  which  but  little  rain  falls.  Although  the  forests  have  not  until  recently  suffered 
from  the  hand  of  man,  the  planned  management  to  which  they  are  being  subjected  is 
unquestionably  altering  their  character,  the  regenerated  stands  being  more  predominantly 
deciduous  in  character.  It  is  possible  that  this  forest  might  in  part  be  classified  with  the 
semi-evergreen. 

(ii)  Great  Nicobar  Is.  (SAHNI)— 

I.  Terminalia  procera*,  T.  bialata*,  Albizzia  spp.,  Plerocymbium  linctorium. 

V.  Climbers  are  numerous. 

Note. — This  type  occurs  only  in  small  strips  along  the  coast  and  would  appear 
to  have  edaphic  climax  status,  evergreen  and  deciduous  vegetation  being  very  much  mixed. 
Pterocarpus  dalbergioides  is  apparently  absent. 

Gi/sSi.  Andamans  secondary  moist  deciduous  forest 

DESCRIPTION. — A  more  or  less  evenaged  pole  crop. 

DISTRIBUTION. — Worked  over  areas  of  the  primary  type. 

LOCALITY  FACTORS. — As  for  the  primary  type. 

ILLUSTRATION.— Plate  17. 

FLORISTICS.— 

Andamans  {regenerated  area  semi-evergreen  type)  (BHARGAVA) — 

1.  Canarium  euphyllurn* ,  Plerocymbium  tinctorium*,  Salmalia  insignis*,  Sideroxylon  lon- 
gepetiolatum,  Telrameles  nudi flora,  Terminalia  bialata* ,  Parishia  insignis. 

II.  Pterocarpus  dalbergioides*,  Lagerstroemia  hypoleuca* ,  Terminalia  manii* ,  T.procera*, 
Artocarpus  chaplasha,  A.  lakoocha,  Albizzin  lebbek,  Adenanthera  pavonine,  Planchonia 
andamanica,  Diploknema  butyracea,  Aphanamixis  polystachya. 

Where  the  parent  crop  was  semi-evergreen,  the  regenerated  crop  is  more  akin  to 
moist  deciduous  with  a  lower  proportion  of  padauk  and  evergreens  partly  as  the  result 
of  sowing  or  broadcasting  seed  of  deciduous  species  and  burning.  In  moist  deciduous 
types,  the  crop  is  essentially  similar  to  the  primary  form.  Two  canopies  are  easily  dis¬ 
tinguishable,  the  top  canopy  consisting  of  fast-growing  soft  timber  species,  notably  Sal¬ 
malia,  Pterocymbiun,  Canarium  and  Terminalia  bialata  (40%  in  all),  whilst  the  lower  canopy 
is  composed  of  slower  growing  hardwoods  such  as  Pterocarpus,  Lagerstroemia  and  Ter¬ 
minalia  procera  (60%  in  all). 


Plate  17 
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Comparison  with  the  Andamans  climax  moist  deciduous  forest  (3A/C1)  on  page  103 
shows  the  essential  identity  between  the  primary  and  secondary  forms,  except  for  the 
composition  of  the  emergent  and  lower  layers  and  the  consequent  difference  in  structuie 
on  maturity. 

Sub-group  3B.  South  Indian  Moist  Deciduous  Forests 

I.  NOMENCLATURE 


Maharashtra  . 

■ 

.  Wet  mixed  deciduous  forest. 

Moist  deciduous  forest  (with  and  without  teak). 
(Moist)  teak  forest. 

Madhya  Pradesh 

• 

• 

.  Monsoon  forest. 

(Moist)  teak  forest. 

Mysore,  Madras  and  Kerala 

• 

• 

.  Moist  deciduous  forest. 

Monsoon  forest. 

2.  GENERAL  DESCRIPTION 

Closed  high  forest  commonly  30—36  m.  or  more  in  height,  the  dominant  species 
being  mostly  deciduous  though  often  only  briefly  so  in  comparison  with  the  following 
types.  Although  intimate  mixture  of  species  is  the  rule,  a  relatively  small  number  of 
species  together  form  the  greater  part  of  the  canopy  and  relatively  pure  associations  are 
fairly  frequently  met  with.  Some  evergreen  dominants  are  included,  but  they  are  few 
the  evergreen  habit  is  more  developed  in  the  lower  storey  giving  the  forest  as  a  whole  a 
more  or  less  evergreen  appearance  most  of  the  year. 

A  bamboo  undergrowth  is  characteristic  though  locally  absent,  in  which  case  the 
evergreen*  are  commonly  better  dev'eloped.  Ca.te*  are  restricted  o  grl^  '  ! 
epiphytes  mostly  to  post-climaxes  in  damp  shady  places-  climbers  are  ah..  ^  n  1’  ^ 

Tbe  u  d„,  ,  ,,,  very’^rca/yLuelXS^h^ 

ofthe  type  often  mamtaming  it  a*  a  stable  sub-climax  to  Group,  orathrghTw  u 

be  reennted  to  some  extent  from  Group  5  with  Hre  protection  ®  ““ 

1,  J*''. oover  would  also  consist  mainly  of  more  or  I. 
shrubs  w.th  but  little  grass,  but  the  fires  result  in  the  spread  of  the  ‘“’  '''ySreen 

becomes  heavy  and  continuous  especiallv  wl.ere  tu  ^  ^  ^  ^ 

small  treesandsaplingsofthe  arS  Jree  ^  r  The  absence  of 

Me  to  repeated  burning  J  "  "T  “^criba- 

injuries.  “  ®  “"'"S’  seem  best  adapted  to  survive  these 


The  term 


unduly  stresses  ap^er  of  p:e“;rn°l;Ten  •"  'Vpes  as  i. 

of  vegetation  occurring  in  India,  especially  GrX?3~^^^^^ 
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The  chief  feature  of  the  moist  deciduous  forests  is  a  leafless  period  in  the  dry  season 
which  may  or  may  not  begin  with  the  cold  weather  but  is  typically  most  general  in  March- 
April  when  the  upper  canopy  is  almost  entirely  leafless  though  there  is  often  a  good  sprinkl- 
ing  of  evergreens  in  the  underwood  and  shrub  cover.  An  appreciable  number  of  the 
deciduous  trees,  however,  come  into  new  leaf  (and  often  flower)  long  before  the  monsoon, 
unexpectedly  spreading  their  new  foliage  at  a  time  when  one  would  expect  them  to  ex¬ 
perience  great  difficulty  in  obtaining  enough  moisture  for  the  intense  transpiration  which 
must  take  place.  Teak  drops  its  leaves  early  in  the  cold  weather  in  localities  which  are 
relatively  dry  or  cold,  but  is  almost  evergreen  in  the  moistest  parts  of  its  distribution. 
Ctdrtla  toona  and  Dalbergia  sissoo  come  into  new  leaf  in  March-April  and  carry  a  full 
canopy  all  through  the  hot  weather.  Terminalia  tomentosa,  Adina,  Lannea  and  many  others 
gradually  drop  their  foliage  during  the  cold  and  dry  seasons  and  do  not  leaf  again  till 
rain  falls.  Cold  seems  to  prolong  the  leafless  season.  Hymenodictyon  is  an  example  of 
trees  with  a  long  deciduous  period  lasting  from  November  to  June.  Quite  a  number 
of  species  flower  while  more  or  less  leafless,  e.g.,  Salmalia,  Cassia  fistula,  Sterculia  spp., 
Erythrina,  Lannea  or  as  they  come  into  leaf,  e.g.  Dalbergia  sissoo,  etc. 


3.  DISTRIBUTION 


Moist  deciduous  forests  occur  in  all  parts  of  India  with  medium  rainfall,  notably 
including  the  important  moist  teak  bearing  forests  of  India.  Thus  they  are  found  all 
along  the  eastern  side  of  W.  Ghats. 


Madhya  Pradesh 
G  ujarat 

Maharashtra  . 
Mysore  . 

Madras  . 

Kerala  . 


Parts  of  Jabalpur  and  Mandla  and  Raipur  Divisions. 

.  Typical  of  the  Dangs  Division. 

.  Parts  of  Kolaba  and  Thana  Divisions. 

Kanara,  Mangalore  and  generally  in  the  western  moister 
parts  of  the  State. 

South  Coimbatore,  Tirunelveli  Divisions. 

Nilambur,  Wynaad,  and  generally  where  evergreen 
and  semi-evergreen  arc  absent. 


4.  LOCALITY  FACTORS 


Data  are  given  in  the  table  for  selected 
thi*  type  of  forest  occurs,  though  as  they  are 
a  typical  example. 


localities  covering  the  range  under  which 
all  outside  the  forests  hardly  one  of  them  is 


Temperature.-The  mean  temperature  of  the  year  varies  from  to  afC  and 

the  mean  maximum  from  43°C  in  the  relatively  dry  central  parts  of  the  penms^ 

or  on  the  coast  The  mean  January  temperature  does  not  usually  drop  below  5  6  C 
to  4*4°C  in  the  continental  north. 


Temperature — {centigrade) 
Tropical  Moist  Deciduous  Forest 


Sub-group  SB 
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Rainfall  and  Humidity. data  for  some  of  the  stations  of  the  last  table  and  a 
fe\v  representative  more  typical  localities  for  which  temperature  data  are  lacking,  are 
given  in  the  table  on  page  iio. 


The  first  two  stations  are  at  the  dry  limit  of  the  type,  in  fact  very  probably  beyond 
it,  the  type  occurring  either  as  a  post-climax  or  in  localities  with  better  rainfall  than  the 
indicating  station.  At  the  opposite  extreme  come  Nilambur  and  Trivandrum  with  the 
rainfall  well  distributed;  it  is  possible  that  in  these  localities  the  moist  deciduous  is 
only  a  fairly  stable  preclimax  to  semi-evergreen.  '  Yellapur  and  Belgaum  represent  the 
wet  and  dry  limits  of  the  Central  Western  Ghats.  It  may  be  said  that  the  typical  rain¬ 
fall  for  the  type  as  a  climax  is  1,500  to  2,000  mm.  with  a  dry  season  of  4-5  months;  with 
a  longer  dry  season  the  range  extends  to  still  higher  rainfalls.  As  a  stable  preclimax  with 
burning,  the  type  predominates  with  much  higher  rainfalls  even  with  very  favourable 
distribution. 


Rock  and  Soil. — The  type  is  found  on  practically  every  soil  occurring  in  India  within 
the  tropics,  from  recent  sandy  alluvium  to  old  red  soils  in  situ.  Although  not  attaining 
its  best  development  on  them,  it  occupies  most  of  the  pronouncedly  lateritic  soils,  and  it 
may  be  met  with  even  on  black  cotton  soils  though  these  are  usually  associated  with  a 
drier  climate  and  so  carry  dry  deciduous  or  thorn  forest.  Semi-evergreen  forest  will 
frequently  be  found  on  favourable  sites  and  soils  whilst  near  the  drier  climatic  extreme, 
dry  deciduous  forest  may  be  very  intimately  intermixed  with  it,  occupying  exposed  aspects, 
dry  ridges  and  shallow  or  impervious  soils.  With  a  climate  appropriate  to  W'et  evergreen 
forest,  this  type  may  predominate  on  rapidly  drained  slopes  with  porous  soils. 


Topography. — The  greater  part  of  this  forest  type  is  on  hilly  ground,  but  this  is 
mainly  due  to  the  destruction  of  the  forest  on  the  flatter  culturable  tracts. 


5.  GENERAL  FLORISTICS 

In  the  teak-bearing  forests  Tectona  grandis  is  the  most  characteristic  species  indepen¬ 
dently  of  Its  economic  importance  and  it  of  excellent  development  wherever  the  soil 
permits  In  the  top  canopy  it  is  generally  associated  with  Terminalia  spp.,  Pterocarbus 

Ind  ^Dalt?  tTr  -dicate  dder  condhiols! 

51a  a  fo  la  IS  characteristic;  Xylia  is  also  very  generally  present,  and  Schleicher  a 

^nACareya  are  common,  mainly  in  the  second  storey.  The  typical  bamboo  is  Bambusa 

however,  bam¬ 
boos  are  not  invariably  present.  In  the  non-teak-bearing  type  a  variety  of  moist  anH 

occasionally  evergreen  species  occur  in  mixture.  a  lety  ol  moist  and 


Rainfall — {millimetres) 
Tropical  Moist  Deciduous  Forest 
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Type  3BICi 

6.  SUBDIVISIONS,  SUCCESSIONS,  Etc. 

The  type  is  very  uniform  throughout  its  range,  and  the  local  variants  appear  to 

differ  mainly  owing  to  the  different  floras  from  which  they  are  derived. 

The  primary  sere  on  new  riverain  soils  passes  through  a  drier  deciduous  Ph^^e  and 
may  lead  to  a  semi-evergreen  post-climax  of  considerable  stability.  Theie  should 
an  estuarine  primary  sere  leading  up  to  this  type  but  no  records  are  aval  able.  The 
secondary  seres  as  usual  are  more  xerophytic  and  so  tend  to  resemble  dry  deciduous  forest. 
The  following  types  are  differentiated  ; — 


Ci — Moist  teak-bearing  forest. 

C2 — Southern  moist  mixed  deciduous  forest  {without  teak). 


2Si — Southern  secondary  moist  mixed  deciduous  forest. 


Ci,  Moist  Teak-bearing  forests 

DESCRIPTION.— A  general  description  is  given  on  p.  109.  There  are,  however 
significant  floristic  ^d  environmental  differences  on  the  basis  of  which  three  subtypes 
can  usefully  be  differentiated. 
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Cia — Very  moist  teak  forest 

Typical  rainfall  over  2,500  mm;  deep  alluvial  often  clayey  soils;  low  (uptd  10)  per¬ 
centage  of  teak;  very  dense  evergreen  undergrowth;  little  natural  regeneration; 
fires  nil;  grazing  negligible. 

Gib — Moist  teak  forest 

Typical  rainfall  1,600  to  2,500  mm;  deep  loamy  soils;  fair  to  medium  (10  to  25) 
percentage  of  teak;  dense  undergrowth;  fair  but  patchy  natural  regeneration; 
fires  rare;  light  grazing. 


Gic — Slightly  moist  teak  forest 

Typical  rainfall  1,200  to  1,600  mm;  moderately  deep  loamy  soils;  medium  to  high 
(20  to  60)  percentage  of  teak;  moderate  undergrowth;  fair  natural  regenera¬ 
tion;  occasional  fires;  moderate  grazing. 


DISTRIBUTION.— Met  with  throughout  the  Peninsula  wherever  the  rainfall 
exceeds  1,300  mm.  (except  on  the  Karnatak  Coast)  from  the  neighbourhood  of  Surat 
and  Hoshangabad  southwards.  Mainly  found  as  a  strip  down  the  east  side  of  the  crest 
of  the  Ghats  with  outliers  further  east  in  Maharashtra  and  Madhya  Pradesh  (well  exem¬ 
plified  by  the  Bori  forests  below  Pachmarhi  and  the  Allapalli  forests  of  S.  Chanda)  and 
adjoining  country. 


LOCALITY  FACTORS.— As  indicated  above. 

Cia.  Very  moist  teak  forest 


The  floristics  correspond  to  the  moistcr  end  of  the  moist  deciduous,  approaching  the 
semi-evergreen.  Site  quality  high,  I  to  11;  teak  forming  a  low  proportion  of  the  overwood, 
usually  not  exceeding  .0%.  Some  of  the  forests  are  evidently  of  secondary  origin  on 
semi-evergreen  sites,  stabilised  as  a  sub-climax.  Characteristic  specie,  are  the  following. 


I.  Grewia  tiliaefolia,  Lagerstroemia  lanceolata. 

11.  Dillenia  pentagyna,  Kydia  calycina. 

Ila.  Bambusa  arundinacea  (o). 

III.  Glycosmis  pentaphylla,  Clerodendrum  viscosum. 


ILLUSTRATION.— Plate  i8. 

floristics.— 

(i)  Muthodi,  Bhadravali  Division,  Mysore 

T.  TcrniMin  clnulato*  (a),  Crrniin  nWc/i-* 

bantculaia  (f),  T.  hellerica  (f),  Tectona  grandis*  (f),  Lagersmerna 
pantcuiaui  ^  Cf'i  Pterocarpus  marsupium  (f). 

Dillenia  pentagyna  (f),  Aaina  cordifolta  r 


,  Terminalia 
lanceolata*. 


Plate  18 
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VERY  MOIST  TEAK  FOREST 

Tecwnc  gr.ndis  with  Termino/io  panicim.  T.  tomemoso.  Logerstroemia  lanceo/ow  etc. 
With  complete  shrubby  and  herbaceous  undergrowth. 

Palakadava,  S.  Coimbatore  Division,  Madras. 
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II.  Xylia  xylocarpa  (la),  Kydia  calycina  (f). 

Ila.  Bambusa  arundinacea  (la),  Dendrocalamus  strictus  (high  quality),  Oxytenanthera 
monostigma  (lo). 

III.  Clerodcndrum  viscosum,  Leea,  etc. 

IVb.  Grass  is  present  wherever  burning  takes  place. 

V.  Butea  parvijlora  (f). 

(ii)  Begur,  Mananloddy,  Wynaad,  Kerala 

I.  Terminalia  crenulata*  (a),  Garuga  pinnata  (o),  Salmalia  malabanca  (o),  Tectona 
grandis*  (f),  Grewia  tiliaefolia*  (f),  Lagerstroemia  lanceolata*  (f),  Stereospermum 
suaveolens  (f),  Dalbergia  latifolia  (f),  Terminalia  bellerica  (If),  Melia  compostta 
(If),  etc. 

II.  Emblica  officinalis  (o),  Kydia  calycina  (f),  Wrightia  sp.  (f),  Cordia  dicholoma  (f), 
Schleichera  oleosa  (If)  etc. 

Ila.  Bambusa  arundinacea*  (la). 

III.  Lantana*  (va),  Glycosmis psntaphylla  (If),  Ardisia  sp.  (If). 

IVb.  Light  grass. 

V.  Dalbergia  volubilis  (o),  Butea  parviflora  (f),  Acacia  pennata  (f). 

Note. — The  forests  have  been  frequently  burnt  in  the  past  and  much  of  the  bigger 
teak  has  been  worked  out. 

(iii)  Mount  Stuart,  S.  Coimbatore,  Madras — 

I.  Lagerstroemia  lanceolata*  (a),  Terminalia  paniculata*  (a),  Grewia  tiliaefolia*.  (a), 
Mitragyna  parvifolia  (o),  Stereospermum  personatum  (o),  Radermachera  xylocarpa 
(o),  Vitex  altissima  (o),  Terminalia  crenulata*  (f),  Tectona  grandis*.  (f),  Adina 
cordifolia  (f),  Dillcnia  pentagyna  (f),  Salmalia  malabarica  (lo). 

II.  Cysas  circinalis  (o),  Emblica  officinalis  (f),  ^izyphus  xylopyrus  (f). 

Ila.  Bambusa  arundinacea*.  (c). 

III.  Lantana*.  (va),  Helicteres  (a),  etc. 

IVb.  Imperata  (If)  and  finer  grasses. 

V.  Convolvulaceae  (a),  Butea  parviflora  (f),  ^izyphus  oenoplia  (f),  Caesalpinia  mimo- 
soides  (la). 

Note.  This  forest  immediately  adjoins  tropical  evergreen  and  must  in  part  be 

prec  imax.  It  still  gets  burnt  at  intervals  accounting  for  absence  of  evergreen  under 
growth, 
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(iv)  Trichur,  Malayattur,  Kerala — • 

I.  Adina  cordifolia,  Albizzia  odoratissima,  A.  procera,  Alstonia  scholaris,  Salmalia  mala- 
barica,Cedrela  toona,  Dalbergia  latifolia,  Grewia  tiliaefolia* ,  Holopteleaintegrifolia, 
Hymenodiclyon  excelsum,  Lagerstroemia  lanceolata*,  L.  speciosa,  Lannea  coroman- 
delica,  Miliusa  velutina,  Pterocarpus  marsupium,  Schleichera  oleosa,  Spondias  pinnata, 
Radermachera  xylocarpa,  Tectona  grandis* ,  Terminalia  bellerica,  T.  paniculata*, 
T.  tomentosa*.,  Vitex  altissima,  Xylia  xylocarpa,  Machilus  macranlha. 

II.  Bauhinia  malabarica,  Bridelia  retusa,  Careya  arborea.  Cassia  fistula,  Dillenia  pentagyna, 
Erythrina  stricta,  Evodia  lunu-ankenda.  Ficus  sp.,  Gmelina  arborea,  Macaranga  peltata, 
Sterculia  villosa,  S.  urens,  Strychnos  nux-vomica,  Fagara  budrunga,  Albizzici  ckinensis. 


Ila.  Bambusa  arundinacea  {Ochlandra  occurs  occasionally). 

III.  Callicarpa  lanata,  Clerodendrum  viscosum,  Cycas  circinalis,  Flueggea  sp.,  Glycosmis 
pentaphylla,  Helicteres  isora.  Hibiscus  furcatus,  Holarrhena  antidysenterica,  Lantana 
camara,  Randia  dumetorum,  Urena  lobata. 


V.  Acacia  intsia,  A.  pennata,  Bauhinia  vahlii,  Caesalpinia  bonduc,  Calycopteris  floribunda, 
Butea  parvi flora.  Calamus  occurs  occasionally. 


(v)  Punalur,  Thenmala,  Kerala — 

I.  Terminalia  tomentosa*,  T .  paniculata* ,  T.  bellerica,  Stereospermt.m  personatum,  Dal¬ 
bergia  latifolia,  Pterocarpus  marsupium*,  Radermachera  xylocarpa,  Salmalia  mala¬ 
barica,  Adina  cordifolia,  Hymenodiclyon  excelsum,  Grewia  tiliaefolia*,  Lagerstroemia 
lanceolata,  Xylia  xylocarpa*,  Tectona  grandis*,  Vitex  altissima,  Sterculia  villosa, 
Lannea  coromandelica. 


II.  Buchanania  lanzan,  Careya  arborea,  Strychnos  nux-vomica,  Dillenia  pcnta^na,  erne- 
carpus  anacardium,  Cycas  circinalis,  Miliusa  velutina,  Emblica  officinalis,  Ixora  nigri¬ 
cans,  Olea  dioica,  Mitragyna  parvifolia,  Cipadessa  fruticosa,  Aporosa  in  eyana, 
Mallotus  philippensis,  Schleichera  oleosa. 


Ila.  Bambusa  arundinacea. 


III.  Helicteres  isora,  Clerodendrum  viscosum,  Leea  sp 

Zizyphus  sp.,  Glycosmis  pentaphylla,  Eupalorium  sp 
sp.,  Osbeckia  sp. 


Dcsmodium  sp.,  Melanthesa  sp., 
Ixora  coccinea,  Memecylon 
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MOIST  TEAK  FOREST 

Mixed  moist  deciduous  forest  containing  some  teak.  Dangs  Division,  Gujarat. 

5.  K,  Seth 
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Plate  20 


MOIST  TEAK  FOREST 

A  view  of  the  pre«rvatIoo  plot  '.Glory  of  Allapalll".  South  Chaada  Division, 

Maharashtra. 
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Sub-type  ^BI(C\alClb) 

IVb.  Imperala  cylindrica,  Andropogon  sp.,  Eragrostis  sp. 

V.  Lantana  camara.  Acacia  intsia,  A.  pennata,  Pterolobium  indicum,  Caesalptma  mimo- 
soides,  Calycopteris  floribunda,  Bulea  parviflora,  Z^zyphus  oenoplia,  Butea  superba, 
Entada  phaseoloides ,  Bauhinia  vahlii. 


Cib.  Moist  teak  forest 

Deciduous  associates  predominate  in  this  subtype.  Teak  is  usually  of  II— III  quality, 
forming  a  fair  to  medium  proportion  of  the  overwood.  Some  of  the  forests  may  be 
secondary  in  origin.  Characteristic  species  are  the  following  . 

I.  Terminalia  tomentosa,  Dalbergia  latifolia. 

II.  Xylia  xylocarpa. 

Ila.  Bambusa  arundinacea  (o),  Dendrocalamus  strictus  (a). 

ILLUSTRATIONS.— Plates  19  and  20. 

FLORISTICS.— 

(i)  Bori,  Hoshangabad  Division,  Madhya  Pradesh — 

I.  Tectona  grandis*  (a),  Terminalia  tomentosa*  (a),  Adina  cordifolia  (a),  Pterocarpus^ 
marsupium  (f),  Dalbergia  latifolia  (o),  Lannea  coromandelica  (f),  Lagerstroemia 
parvifiora  (f),  Anogeissus  latifolia  (o),  Diospyros  tomentosa  (o). 

II.  Schleichera  oleosa  (o),  Ougeinia  oojeinensis  (f),  Emblica  officinalis  (f),  Miliusa  tomen¬ 
tosa  (f),  Chloroxylon  swietenia  (f),  Careya  arborea  (o). 

Ila.  Dendrocalamus  strictus  (good  quality  la). 

III.  Helicteres  isora  (a),  Petalidium  barlerioides ,  Gymnosporia  spinosa,  Phoenix  acaulis, 
Lantana  camara. 

IVa.  Triumfetta  rotundifolia,  Cassia  tora. 

b.  Themeda  quadrivalvis,  Sorghum  halepense,  Dichanthiuin  annulatum  etc. 

V.  Millettia  auriculata  (a.) ,  Cryplolepis  buchanani  (o),  Bauhinia  vahlii  (f),  Butea  superba 
(f),  Ventilago  madraspatana  (f),  Acacia  caesia  (o). 


(ii)  Allapalli,  South  Chanda  Division,  Maharashtra — 

I.  Tectona  grandis*  (va),  Terminalia  tomentosa*  f),  Adina  cordifolia  {{),  Dalbergia  lati¬ 
folia*  (f)  ,  Madhuca  indica  (f),  Pterocarpus  marsupium  (o),  Mitragyna  parvifolia 
(f),  Lagerstroemia  parviflora  (o),  Albiz^ia  spp.,  Salmalia  malabarica  (o),  Diospy¬ 
ros  tomentosa,  Careya  arborea,  Stereospermum  personatum,  Tamarindus  indica. 
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II.  Xylia  xylocarpa*,  Grewia  tiliaefolia,  Cleistanthus  collinus,  Emblica  officinalis,  Schlet- 
chera  oleosa,  Diospyros  montana,  Ixora  arborea. 

Ila.  Dendrocalamus  strictus  (a). 

III.  Helicteres  isora,  Petalidium  barlerioides,  Pogostemon  plectranthoides,  Indigofera  spp. 
IVa.  Achyranthes  aspera. 

IVb.  Sorghum  halepense  (in  open) ,  Imperata  cylindrica,  Heteropogon  contortus. 

V.  Bauhinia  vahlii,  Butea  superba,  Calliopteris  floribunda.  Acacia  spp.,Combretum  decandrum. 

(iii)  Dandeli,  jV.  Kanara,  Mysore — 

I.  Terminalia  paniculata*  (a),  T.tomentosa*  {a.) ,  Lagerstroemia  lanceolata*  (a),  Tectona 
grandis*  (a),  Salmalia  malabarica  {o) ,  Pterocarpus  marsupium  (o),  Dalbergia  lati- 
folia*  {i),Dillenia  pentagyna  if) ,  Grewia  tiliaefolia  if),  Xylia xylccarpa*  (f),  Bauhi¬ 
nia  lawii  (If). 

II.  Xylia  xylocarpa  (la). 

Ila.  Dendrocalamus  strictus  (a),  Bambusa  arundinacea  (la)  ,  Oxytenanlhera  monostigma 

(If). 

III.  Lantana  (la). 

V.  Acacia  intsia*  (a),  Mucuna  prurita  (la). 

(iv)  Palghat,  Kerala — 

I.  Xylia  xylocarpa*,  Terminalia  paniculata*,  Anogeissus  latifolia,  Lagerstroemia  lanceolata*, 

Dalbergia  latifolia*,  Albizzia  odoratissima,  A.  lebbek,  Salmalia  malabarica,  Ptero¬ 
carpus  marsupium,  Kydia  calycina,  Lannea  coroman delica,  Terminalia  tomentosa, 
Tectona  grandis*,  Schleichera  oleosa. 

II.  Wrightia  tinctoria, ' Randia  dumetorum,  Mallotus  philippensis. 

Ila.  Bambusa  arundinacea,  Dendrocalamus  strictus. 

III.  Helicteres  isora,  Desmodium  sp.,  Lantana,  Eupatorium. 


Cic.  Slightly  moist  teak  forest 

Th,  nrooortion  of  dry  deciduous  associates  is  higher  than  in  the  last  subtype.  Site 
Cualil  is  fn  riorerTteal  usually  forms  the  major  portion  of  the  overwood.  Charac 
teristic  species  are  the  following  : 

I  Terminalia  tomentosa,  Adina  cordifolia. 


II.  Schleichera  oleosa. 

Ila.  Dendrocalamus  strictus  (a). 
ILLUSTRATION.— Plate  21. 

floristics.— 

(i)  Bastar,  Madhya  Pradesh-— 
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Plate  21 


Transifiont  ^  ^  FLY  MOIST  TEAK  FOREST 

dry  deciduous  type,  „ith  teak  and  Ternt/nn/io  tetnentoaa  as  the  commonest 
rees;  PheenOt  h„m//,s  common  in  undergrowth. 

7  FRI&C/64  ]  allamalais,  Kurnool  West  Division,  Andhra  Pradesh. 


S.  K.  Seth 


117 


Sub-type  3i^/Ck/  Type  ‘^BIC2 

I.  Tectona  grandis*  (va),  Terminalia  tomentosa*  {a.),Adina  cor  difolia*,  Albizzia  odora- 
tissima,  Salmalia  malabarica,  Dalbergia  paniculata,  Diospyros  tomentosa. 

II.  Syzygium  cumini,  Miliusa  tomentosa,  Carey  a  arborea,  Mitragyna  part  folia. 

I  la.  Dendrocalamus  strictus*  (va). 

III.  Ixora  arborea,  Clerodendrum  viscosum,  Lantana  camara,  Woodfordia  fruticosa, 
Helicteres  isora. 

IVb.  Imperata  cylindrica. 

V.  Butea  superba,  Bauhinia  vahlii,  Combretum  decandrum,  Entada  phaseoloides,  Ichno- 
carpus  frutescens. 

(ii)  Betul,  Madhya  Pradesh  (towards  drier  end) — 

I.  Tectona  grandis*  (va),  Terminalia  tomentosa*  (a.),  Lagers troemia  parviflora  (f),  Adina 
cord  folia*  (o),  Dalbergia  lat  folia  (If),  Pterocarpus  marsupium  (f),  Terminalia 
bellerica  (o),  Anogeissus  lat  folia  (f),  Mitragyna  parv  folia  (o),  Schrebra  swietenioi- 
des  (o). 

II.  Schleichera  oleosa*  (o),  Ougeinia  oojeinensis  (f),  Emblica  officinalis  (o),  Miliusa 
tomentosa,  Buchanania  lanzan  (o),  Flacourtia  indica  (If). 

I  la.  Dendrocalamus  strictus*  (va). 

III.  Desmodium  sp.,  Helicteres  isora  f),  Gymnosporia  spinosa  (If),  Indigofera  (o),  Wood¬ 
fordia  fruticosa  (If),  Barleria,  Grewia  hirsuta  (f),  Nyctanthes  arbor-tristis  (If). 

IVa.  Ageratum,  Sida,  Triumfetta. 

IV1>.  Themeda  (juadrivalvis,  Heteropogon,  Ischaemum  spp. 

V  Millettia  auriculata,  Cryptolepis  buchanani,  Bauhinia  vahlii,  Butea  superba. 

(ili)  Chedleth  and  Sultan's  Battery,  Kerala — 

I.  Terminalia  tomentosa* ,  Tectona  grandis* ,  Anogeissus  latifolia*  (mostly  on  the  drier 
sites),  Lagerstroemia  lanceolata,  Pterocarpus  marsupium,  Dalbergia  latifolia,  Adina 
cordifolia,  Salmalia  malabarica,  Stereospermum  personatum. 

II.  Schleichera  oleosa,  Kydia  calycina*,  Albizzia  odoratissima,  Bridelia  retusa,  Shorca 

talura. 

I  la.  Dendrocalamus  strictus. 

III.  Wnghtia  tinctoria,  Helicteres  isora,  Randia  dumetorum,  Allophyllum  cobbe. 

V.  Acacia  pennata,  Butea  parviflora. 


C2.  Southern  moist  mixed  deciduous  forest 

NOMENCLATURE.— Moist  deciduous  teak  bearing  forests  (WORKING  PLANS), 
ii  general  description  applies.  The  evergreen  component 

Tub  .1!'  s  t"'  “  '■”>  -"oi- 

succession.  P*esen  occasionally  and  may  be  an  indicator  of  secondaiy 
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DISTRIBUTION. — All  along  the  Western  Ghats  and  inland  wherever  the  clinaatc 
and  soil  arc  suitable. 

LOCALITY  FACTORS. — Usually  in  damp  valleys;  occasionally  on  high  ground 
with  shallow  or  porous  soils,  the  rainfall  corresponding  to  the  wetter  types. 

ILLUSTRATION.— Plate  22. 

FLORISTICS.— 

(i)  Maharashtra  (SATYANARAYAN) — 

I.  Tetrameles  nudifiora,  Stereospermum  personatum,  Dysoxylum  binectariferum.  Ficus  nervosa 

(all  occasional). 

Il-i.  Syzygium  eumini*  (35%),  Olea  dioica*  {iS%),  Pouteria  tomentosa,  Bridtlia  retusa 
var.  squamosa,  Mangifera,  Actinodaphne  angustifolia.  Ficus  glomerata. 

Il-ii.  Memecylon  umbellatum,  Mallotus,  Ixora,  Flacourtia,  Randia. 

III.  Callicarpa,  Lasiosiphon,  Phaylopsis,  Leea,  Pogostemon  etc. 

IVb.  Grass  generally  absent. 

V.  (Abundant)  Gnetum,  Anodendron,  Jasminum,  Elaeagnus,  Mezoneurum  etc. 

(ii)  Chanda,  Maharashtra — 

I.  Pterocarpus  marsupium* ,  Salmalia  malabarica*  (o),  Terminalia  bellerica  {o) ,  Anogeissus 

lalifolia  (f),  Dalbergia  lalifolia  (o),  Terminalia  tomentosa,  Lannea  coromandelica, 
Madhuca  indica,  Garuga  pinnata. 

II .  Miliusa  tomentosa  (a),  Polyalthia  cerasoides* {3.) ,  Lagerstroemia parviflora  (o),  Emblica 
■  qlficinalis  (f),  Xylia  xylocarpa  (o  to  f),  Grewia  tiliaefolia  {o) ,  Schrebera  swietenioides 

(f),  Cleistanthus  collinus  (f),  Diospyros  montana  (o),  Flacourtia  indica  (o). 

I  la.  Dendrocalamus  strictus. 

III.  Zizyphits  oenoplia,  Casearia graveolens  (a),  Helicteres  isora,  Desmodium  gangeticum. 
IVb.  Grasses  present. 

Note  -Vcy  similar  forest  occurs  in  Andhra  Pradesh  with  Temimlm  ImunUic 
predominating  accompanied  by  Pterocarpus  (f),  Adina  (If),  Salruaha  (o),  Grema  (f). 

(iii)  Xorth  Kanara,  Mysore  (ARORA)— 

I.  Adiua  cordtfolia*,  Grewia  tiliaefolia,  Madkucamdieo,  Diilema  peutagyna,  Ciumme 
mum  (o),  Litsea  (o),  Olea  dioica  (o). 

II .  Emblica  officinalis,  Xylia  xylocarpa  etc. 

1 1  a.  Bambusa  arundinacea,  Dendrocalamus  strictus. 

III.  Tabernaemontana  etc. 

V.  Z^zyphus  rugosa,  Cyclea,  Acacia  concinna. 
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T.  tomentosa*,  T.  bdlerica,  Plerocarpus  marsupium, 

procera,Abtoniascholaris,Dilleniapentagyna,Bndelia  retusa,  Salmalia  malabanca, 

Grewia  tiliaefolia.  .  .  ,  „  / 

II.  Xylia  xylocarpa,  Careya  arborea,  Callicarpa  lanata.  Cassia  fistula,  Strychnos  nux-vomica. 

III.  Croton  reticulatus,  Anisomeles  heyneana,  Carissa  carandas. 


(v)  Rami,  Kerala —  .  . 

I&II.  Terminalia  paniculata*,  T.  tomentosa,  Pterocarpus  marsupium,  Anognssus  lati- 
folia,  Careya  arborea,  Buchanania  lanzan,  Emblica  officinalis,  Dillenia  pentagyna, 
Salmalia  insignis,  Sterculia  villosa,  Albizzia  odoratissima.  Cassia  fistula,  Gmelina 
arborea,  Taberaemontana  heyneana,  Bauhinia  malabarica,  Wrightia  tinctoria. 

IV'b.  Saccharum  spontaneum. 

C2  2S1.  Southern  secondary  moist  mixed  deciduous  forest 

NOMENCLATURE. — Usually  included  with  the  climax  moist  deciduous. 

DISTRIBUTION. — Moist  deciduous  forest  is  found  over  considerable  areas  which 
experience  the  climate  appropriate  to  tropical  evergreen  or  at  least  semi-evergi  een  forest, 
soil  and  configuration  being  insufficient  to  account  for  the  absence  of  the  latter,  and  abiupt 
changes  to  it  being  encountered.  This  is  conspicuous  the  whole  length  of  the  Western 
Ghats.  There  can  be  little  doubt  but  that  these  forests  are  of  secondary  origin,  the  cli¬ 
matic  climax  having  been  displaced  by  hximan  action  direct  (shifting  cultivation),  or 
indirect  (grazing  and  burning  outwards  from  settlements). 

DESCRIPTION. — The  forest  is  very  similar  to  the  climax  moist  deciduous  but 
usually  with  few  or  no  fine  big  trees  and  more  of  the  soft  quick  growing  species  including 
figs.  Scattered  survivors  of  the  primary  forest  are  occasionally  encountered  especially 
in  damp  hollows.  Whereas  deciduous  shrubs  and  thin  grass  form  the  ground  cover  with 
annual  burning,  fire  protection  results  in  the  development  of  a  dense  evergreen  under 
growth  in  which  the  deciduous  trees  cannot  regenerate. 

LOG.ALITY  FACTORS. — Very  usually  hilly  ground,  with  the  climate  of  the 
semi-evergreen  or  evergreen  forests  though  the  soil  is  often  shallow  and  stony  through 
past  exposure  and  erosion.  Lateritic  outcrops  are  frequently  met  with. 
FLORISTICS.— 


(i)  Parappa,  S.  Mangalore  Division. — ■ 

1.  Terminalia  paniculata*  (a),  Salmalia  malabarica  (o),  Mangifera  indica  (o),  Dalbergia 
latifolia  (o),  Adina  (o),  Lagerstroemia  lanceolata  (o),  Terminalia  crenulata  (f), 
Dillenia  pentagyna  (f),  Schleichera  oleosa  (f),  Alstonia  scholaris  (f),  Xylia  xylocarpa 
(la). 

II.  Olea  dioica*  (aj,  llolarrhena  (o),  Careya  arborea  (o),  Emblica  officinalis  (o),  Feronia 

limonia  (o),  Mallotus  philippensis  (f),  Strychnos  sp.  (f),  Callicarpa  arborea  (la), 
etc. 

I  la.  No  bamboo. 

III.  Clerodendrum  viscosum  (a),  Helicteres  (f),  Glycosmis  (la). 

V.  Calycopteris  (a).  Acacia  intsia  (f),  VVagatea  (f). 
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Note.— The  evergreen  undergrowth  extending  from  damp  spots  includes  Actino- 
daphne,  Psychotria,  JVedera,  Ixora  and  Strobilanthes  spp.  The  most  degenerate  parts  with 
either  veiy  shallow  soil  or  hard  vescicular  laterite  are  definitely  of  a  diy  deciduous 
type,  and  appear  unlikely  to  improve  in  any  reasonable  period  of  time. 

(ii)  Kannoth,  Kerala  (GHANDRASEKHARAN)— 

I.  Terminalia  paniculata* ,  Xylia  xylocarpa*,  Grewia  tiliaefolia,  Salmalia  malabaricttf 

Dalbergia  sissoides,  Terminalia  bellerica,  T.  tomentosa,  Albizzia  odoratissima,  Arto- 
carpus  hirsuta*,  Hopea  parviflora,  Teak  occurs  very  sporadically. 

II.  Lannea  coromandelica,  Schleichera  oleosa,  Careya  arborea,  Dillenia  pentagyna,  Evodia 

lunu-ankenda,  Erythrina  sp.,  Gmelina  arborea,  Wrightia  tinctoria. 

I  la.  Bambusa  arundinacea. 

III.  Glycosmis  pentophylla,  Helicteres  isora,  Desmodium  sp.,  Leea  indica. 

(  iii)  Nilambur,  Kerala — 

I.  Terminalia  paniculata* ,  Xylia  xylocarpa,  Lagerstroemia  lanceolata* ,  Terminalia  tomen¬ 

tosa,  Tectona  grandis,  Dalbergia  latifolia,  Grewia  tiliaefolia,  Adina  cordifolia,  Ptero- 
carpus  marsupium,  Anogeissus  latifolia,  Tetrameles  nudiflora,  Canarium  strictum,  etc. 

II.  Dillenia  pentagyna,  Careya  arborea,  Trewia  nudiflora,  Mallotus  philippensis.  Ficus 

sp.,  etc. 

I  la.  Bambusa  arundinacea,  Oxytenanthera  monostigma. 

III.  Clerodendrum  viscosum,  Helicteres  isora,  Glycosmis  pentaphylla,  etc. 

Sub-group  3C.  North  Indiau  Tropical  Moist  Deciduous  Forests 

I.  NOMENCLATURE 


Uttar  Pradesh  . 


Bihar  . 


Orissa  . 

West  Bengal  . 


Assam  . 


Madhya  Pradesh 


Moist  sal  forest  (CHAMPION). 

Sub-deciduous  forest  (ir  part)  (OSMASTON). 

Monsoon  forest  (in  part)  (DUDGEON  and  KENOYER). 
Bauhinia  (oTtst  (KENOYER). 

Moist  peninsular  sal  forest  (CHAMPION). 

Moist  mixed  forest. 

Terminalia  formation  (HAINES). 

Moist  peninsular  sal  forest  (CHAMPION). 

Coastal  sal  forest  (CHAMPION,  part). 

Wet  sal  forest  (CHAMPION,  part). 

Shorea-Stereospermum  associaton  (COWAN). 
Schima-Bauhinia  association  (COWAN). 

Dry  mixed  forests  (N.  Bengal  W'orking  Plans). 

Plateau  forests  (N.  Bengal  Working  Plans). 

River  forests  (part)  (N.  Bengal  Working  Plans). 

Open  deciduous  forests  of  S.  Bengal.  (COWAN). 

W'et  sal  forest  (CHAMPION,  part). 

Kamrup  alluvial  sal  forests  (CHAMPION). 
Terminalia-Morus  association  (ROWBOTHAM). 
Lagerstroemia-Terminalia  association  (ROWBOTHAM). 

Moist  peninsular  sal  forests  (CHAMPION). 
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2.  GENERAL  DESCRIPTION 

The  forests  included  under  this  type  fall  into  two  categories,  sal  forests,  and  the  rest. 
The  latter  have  to  all  intents  and  purposes  been  adequately  described  for  the  southern 
counter-part  on  pp.  1 18-120  Cold  seems  to  prolong  the  leafless  season  but  otherwise  the 
northern  and  southern  moist  mixed  deciduous  forests  are  very  similar  in  all  respects, 
the  south  having  a  slightly  more  varied  flora  as  expected  and  more  varied  transitions 
to  the  evergreen  and  semi-evergreen  types  which  are  so  much  better  represented  there. 

The  sal  forests  have  a  facies  of  their  own  which  is  due  to  the  undisputed  pie-domi¬ 
nance  of  the  one  gregarious  species.  This  dominance  has  unquestionably  been  intensified 
by  human  activities  wherever  the  population  has  been  dense  enough  to  press  on  the  forest. 
Sal  is  very  generally  more  aggressive  than  any  of  its  associates  and  competitors  in  natural 
gregarious  habit,  coppicing  power,  resistance  to  burning,  regeneration  under  burning 
and  grazing,  adaptability  to  soil  and  site  conditions,  and  longevity  j  though  it  suffers 
from  frost,  it  survives  it  where  few  other  species  could.  Planned  forest  management 
has  intensified  its  dominance  in  many  areas  by  selective  removal  of  other  competing 
species,  but  has  unintentionally  resulted  in  progression  to  semi-evergreen  and  evergreen 
types  where  the  sal  forest  was  of  secondary  origin  and  only  a  stable  pre-climax  wit^ 
frequent  burning.  The  sal  typically  forms  high  forest  in  which  it  constitutes  60  to  90 
per  cent  of  the  top  canopy  which  is  25 — 40  m.  high  and  in  undisturbed  forest,  fairly  close 
and  regular.  A  feature  of  sal  which  is  important  is  its  semi-evergreen  habit  with  a 
deciduous  period  of  only  5 — 15  days  at  the  beginning  of  the  hot  weather.  The  shade 
from  the  new  foliage  keeps  the  sal  forests  cool  in  striking  contrast  to  the  fully  deciduous 
forests  adjoining,  a  feature  particularly  marked  in  peninsular  India.  The  sal  forest  having 
a  denser  top  canopy  tends  to  have  less  middle  canopy  than  the  rest  of  the  type  and  sup¬ 
pressed  sal  is  often  an  important  constituent.  A  shrubby  undergrowth  is  usual,  the 
shrubs  being  mostly  semi-evergreen,  and  burning  replaces  them  by  grass  the  more 
easily  the  drier  the  locality.  Climbers  are  few  in  species  but  include  several  large  and 
common  species  which  festoon  the  crowns  particularly  in  open  burnt  localities.  Canes 
occur  only  as  a  fringe  along  swampy  streams.  Bamboo  is  typically  absent  but  may  be 
present  on  dry  or  wet  sites  especially  in  open  crops;  only  2  or  3  species  occur. 

3.  DISTRIBUTION 

Moist  deciduous  forests  occur  throughout  northern  India  except  in  the  dry  North- 

West  and  much  of  the  over-wet  East  (North  Bengal  and  Assam)  though  in  the  latter  the 

type  occurs  m  the  primary  succession  on  alluvial  soils  and  in  the  former  may  occasionally 

be  met  with  m  favoured  spots  usually  as  a  post  climax.  The  type  is  therefore  important 

to  Uttar  Pradesh,  B.har,  Ortssa,  Madhya  Pradesh.  Bengal  and  Assam,  and  constitutes 
in  fact  their  most  important  forests.  .  u-nsmuics 

4.  LOCALITY  FACTORS 

rrmperaisre—The  mean  annual  temperature  typically  lies  between  21"  C  and  26”  C 

as  for  the  southern  form.  The  January  mean  varies  from  .3”  to  2.”  C  beinv  „  ’ 

«  der  than  the  average  in  the  south.  The  mean  minimum  is  between  to”  a“nd  c 
Whilst  the  winter  may  be  deliiutely  cold,  frost  is  normally  absent  or  unimportant.  ^ 
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(centigrade) 
Deciduous  Forest 
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Rainfall  and  Humidity.— The  minimum  rainfall  for  the  type  is  about  i,ooo  mm.  but 
except  on  favourable  sites  at  least  1,300  mm.  is  usual.  The  upper  limit  is  about  2,000 
mm.  but  the  type  may  be  developed  with  much  heavier  falls  on  rapidly  draining  sites 
(N.  Bengal  and  U.  Bhabar)  or  shallow  soils  (generally),  or  as  a  pre-climax  with  burning 
(Bengal  and  Assam). 

In  the  N.  W.,  there  is  a  period  lasting  seven  months  long  with  monthly  rainfall  less 
than  50  mm.,  humidity  conditions  improving  eastwards  till  the  type  ceases  to  be  the 
climatic  climax  when  there  are  only  3  or  4  dry  months.  The  following  rainfall  data 
are  given  for  areas  where  the  type  is  believed  to  be  the  climatic  climax  though  as  usual, 
the  recording  stations  are  rarely  actually  in  the  forest  :  the  N.  Bengal  and  Assam  sub- 
Himalayan  stations  are  exceptional  and  included  only  as  representing  important  sub- 
clima.x  sal  forest  tracts. 

Rock  and  Soil. — A  large  part  of  the  type  occurs  on  the  Indo-Gangetic  alluvium,  the 
sal  tending  to  be  restricted  to  the  older  levels  whilst  the  non-sal  forests  occur  throughout. 
Moist  deciduous  forest  extends  on  to  the  Siwalik  formations  in  the  sub-Himalayan  tract 
and  foot-hills  and  on  to  older  rocks  south  of  the  plains  in  the  Central  Provinces,  Bihar 
and  Orissa.  The  soil  may  be  sandy  or  clayey,  both  extremes  tending  to  be  avoided 
by  sal  but  being  suitable  for  the  other  types  provided  it  is  reasonably  deep  and  fertile; 
otherwise,  dry  deciduous  forest  replaces  the  sal  when  the  soil  is  unfavourable  in  these 
respects.  In  peninsular  India  and  parts  of  Assam,  red  tropical  soils  including  lateritic 
soils  carry  this  type  of  forest,  the  sal  attaining  its  best  development  on  well  drained  ferru¬ 
ginous  soils. 

Topography. — As  noted,  the  type  is  extensively  met  with  on  the  great  plains  of  N. 
India  but  spreads  over  the  Siwalik  hills  up  on  to  the  outer  Himalayan  slopes  in  the  north 
and  over  the  peninsular  plateaux  and  low  hills  to  the  south,  down  to  the  northern  borders 
of  Andhra  Pradesh,  wherever  the  moisture  and  soil  conditions  are  favourable. 


5.  GENERAL  FLORISTIGS 

Just  as  Teclona  grandis  is  the  ecologically  characteristic  and  economically  important 
species  of  the  southern  moist  deciduous  forest,  so  Shorea  robusia  characterises  the  northern 
form.  Terminalias  form  the  most  noticeable  associates  in  both  types  and 

Lagerstroemia  and  Pterocarpus  are  likewise  often  prominent  especially  m  the  peninsular 
region.  Schleichera  and  Careya  are  again  frequent  in  the  second  storey  but  coriaceous 
evergreens  are  infrequent  except  for  Syzygium  cumini;  Mallotus  philippensis  is  characteristic 
of  the  alluvial  sal  forests  in  the  western  half  of  the  range.  Bamboos  are  absent  over  the 
greater  Dart  of  the  type  but  Dendrocalamus  striclus  is  locally  conspicuous  and  iinportant, 
Os  associated  with  miscellaaeous  forests  devoid  of  sal  rather  than  with  the  sal  forests 
nrooer.  Bambusa  amndinacea  is  restricted  to  special  damp  sites.  Certain  shrubs  and 
weeds  such  as  Mollolus,  Cterodendrum  viscosum,  Pogoslomon,  Murraya  koemgn  may  occur  gr 
weeds  such  as^  undergrowth.  BaMuia  vaUii  is  a  common  climber.  Grasses  become 

Cmml.  bl  irfhelta,  stages  and  under  the  influence  of  frre.  and  a  grass  under- 
growth  is  usual  though  with  fire  protection  it  tends  to  be  eliminated. 
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6.  SUB-DIVISIONS,  SUCCESSIONS,  ETC. 

ill  variations 

11  hills  and  plains  The  sal  forest  is,  however,  broken  up  by  more  pronouncedly  dcci- 

^  less-favourable  soil  conditions 

especially  as  regards  moisture,  and  sal  is  absent  locally  in  S.  Bengal  with  deciduous  forest 

piedomin^atmg  in  its  place,  notably  on  young  alluvium.  These  edaphic  associations  may 
be  of  either  pre-climax  or  post-climax  status.  Bamboo  brakes  occur  but  are  usually  of 

united  extent,  whilst  such  cane  brakes  as  occur  are  strictly  restricted  to  permanently 
W6t 


The  primary  serai  stages  on  new  alluvium  are  perhaps  the  best  known  in  India. 
New  gravels  are  colonised  by  the  Khair-sissu  association  (p.  222)  which  leads  on  through 
several  recognisable  mixed  deciduous  forms  as  the  soil  is  built  up,  and  finally  becomes 
Suitable  for  the  climax  sal  forest.  At  any  stage,  clearing,  fellings,  fire  and  grazing  may 
ead  to  a  secondary  savannah  (p.  146)  which  may  persist  indefinitely.  The  following 
sub-types  are  recognised  : 

C I .  Very  moist  sal-bearing  forest. 

(72.  Moist  sal-bearing  forest. 

DSi,  Moist  sal  savannah. 

G'^.  Moist  mixed  deciduous  forest. 

2-S’i.  Northern  secondary  moist  mixed  deciduous  forest. 

‘2S2.  Secondary  Euphorbiaceous  scrub. 
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Ci.  Very  moist  sal-bearing  forest 

IlFSCRIPTION  -The  general  appearance  and  composition  of  the  ““PJ 

arc  “fsh^fromthoLf  the  n.oist  sal  ror«.JW  t:n"  Z:  1  a  s  X 

lower  stor  ;y  and  shrub  growth  is  rapidly  redeveloped. 

The  general  description  given  on  p.i2i  above  is  applicable  as  long  as  P^-^ic  ^ 
sweep  through.  Hollows  and  stream-sides  carry  a  much  nchci  evei  green  « 
which  rapidfy  spreads  with  fire  protection,  particularly  monocoty  edonous  herbs 

as  Alpinia.  The  associates  of  the  sal  are  like  itself  markedly  firo-hardy. 

In  the  peninsular  subtype,  the  sal  is  rather  moie  mixed  with  miscellaneous  species, 
and  the  undergrowth  includes  more  (and  more  varied)  evergreen  smal  trees  and  shrubs 
than  in  the  Moist  sal.  Bamboos  arc  more  general.  Grass  is  present  where  the  forest  is 
burnt  but  is  mostly  displaced  ly  evergreens  with  fire  protection.  Climbers  are  heavy. 

The  following  subtypes  are  recognised  : 

Cla.  Eastern  hill  sal  forest 

(i)  East  Himalayan  sal 

(ii)  Khasi  hill  sal 

Clb.  Eastern  bhabar  sal  forest 

(i)  East  Himalayan  upper  bhabar  sal 

(ii)  East  Himalayan  lower  bhabar  sal 
Clc.  Eastern  tarai  sal  forest 

Gld.  Peninsular  (coastal)  sal  forest. 


DISTRIBUTION. — The  type  occurs  throughout  the  E.  Sub-Himalayan  bhabar- 
tarai  and  plains  tract  including  the  lower  slopes  of  the  Himalayas  and  the  Garo,  Khasi  ^ 
Mikir  and  Jaintia  hills  of  Assam  south  of  the  Brahmaputra.  (E.  Nepal,  Bengal,  Bhutan 
and  Lower  Assam).  The  coastal  sal  of  Angul  and  Puri  in  Orissa  is  the  peninsular 
counterpart. 

LOCALITY  FACTORS. — The  rainfall  is  typically  high  along  the  foot  of  the  Hima¬ 
layas  from  2,000  mm.  upwards  to  5,000  mm.  or  more.  The  data  for  Jalpaiguri  and 
Kochugaon  illustrate  fairly  representative  conditions.  In  Kamrup  (Assam)  it  is  1,800 
to  2,300  mm.  with  a  rather  more  even  distribution  as  indicated  by  figures  for  Gauhati. 
In  the  peninsular  region,  the  rainfall  is  around  1,900  mm.  but  the  special  feature  is  the 
higher  relative  humidity  associated  with  a  coastal  climate,  i.e.  over  70  for  ihe  year  an^j 
about  70  for  March,  as  against  lower  values  (60 — 70  and  65  respectively)  for  the  rest 
of  the  tract.  There  arc  not  more  than  4  months  with  less  than  50  mm.  rain. 

TOPOGRAPHY  AND  SOILS. — The  type  occurs  on  lower  foothills,  undulating 
areas  and  on  gently  sloping  to  flat  alluvial  deposits. 
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The  soil  in  the  lower  hills  and  upper  bhabai  tract  varies  considerably,  the  S  Assam 

lavln  rocks,'hesub-Hrnr 

la>anfoiest  being  all  on  post-tertiary  alluvium  and  the  Himalayas  providing  examples 

of  metamorphic  rocks  of  various  kinds  and  ages.  The  forests  may  be  on  steep  well-drlL- 
ed  slopes  with  high  rainfall,  or  on  low  lying  alluvium  with  permanently  high  water 
tai  e.  In  the  lower  bhabar,  tarai,  and  plains  portion,  the  soil  is  entirely  alluvial  grading 
from  coarse,  with  gravel  and  boulder,  to  fine  and  humified  and  often  red  on  old  alluvium. 
There  is  extensive  development  of  the  type  on  flat  ground  but  no  separate  “plains”  type 
has  been  distinguished  owing  to  the  uncertainty  as  to  the  status  of  the  few  apparent 
remnants.  The  very  moist  peninsular  (coastal)  sal  occurs  on  soil  derived  from  schists 
and  gneisses  which  is  commonly  red  and  in  places  lateritic. 


Gia.  Eastern  hill  sal  forest 

This  subtype  is  characterised  by  the  prevalence  of  Dendrocalamus  hamiltonii  and  dense 
undergrowth.  The  site  quality  is  I-III,  and  it  occurs  on  many  different  rocks.  The 
chief  associates  are  : — 

I.  Schima  wallichii. 

Ila.  Dendrocalamus  hamiltonii. 

IVb.  Microstegium  ciliatum,  Imperata  arundinacea. 

Regeneration  is  difficult  with  Microstegium  but  is  fair  otherwise.  Two  variations  are 
conveniently  differentiated,  viz. 


Cia(i).  E.  Himalayan  sal 

Sal  is  restricted  to  ridges  with  well  drained  soils  on  Nahan  sandstone.  7'he  site  quality 
is  typically  II.  Characteristic  species  are  : 

I.  Schima  wallichii,  Stereospermum  personalum. 

Ila.  Dendrocalamus  hamiltonii. 

III.  Desmodium  spp. 

IVb.  Light  Imperata  cylindrica. 

Regeneration  of  sal  is  satisfactory. 

FLORISTICS.— 

(i)  Teesta  valley  slopes,  Kurseong  Division,  West  Bengal.  (After  COWAN). — 

I.  Shorea  robusta*  .^%),  Garuga  pinnala*  (7-1%),  Terminalia  bellerica*  (50-0%), 
T.  tomentosa  (4*1%),  Schima  wallichii  {2-8%),  Lagerstroemia  parvifora  (2-7%), 
Tetrameles  nudiflora  (2-6%),  Sterculia  villosa  (2-6%),  Stereospermum  personaturn 
(2-1%),  Cedrela  spp.  (2-1%),  Bauhinia  purpurea  (2-0%). 

II.  Mallotus  philippevsis,  Callicarpa  arborea,  Litsea  monopetala,  Semecarpus  anacardium, 
Symplocos  lamina. 

Ila.  Dendrocalamus  hamiltonii  (local). 

III.  Leea  sp.,  Indigofera  pulchella. 

IV.  Microstegium  ciliatum  (la). 

V.  Aspidocarya  unifera,  Bauhinia  vahlii,  Beaumontia  grandiflora,  Buettnena  pilosa,  Mil- 
lettia  auriculata. 
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Note.— This  is  COWAN’s  Shorea-Terminalia-Garuga  association.  It  is  not  known 
how  far  burning  and  other  biotic  factors  have  influenced  the  present  occurrence  of  the 
type  and  it  seems  likely  that  with  protection,  an  appreciable  proportion  may  progress 
to  semi-evergieen  or  evergreen  forest,  but  part  at  least  is  likely  to  persist  as  a  true  climax. 

(ii)  Kurseong  Division,  JV.  Bengal.  Preservation  Plot  No.  21,  650  m;  3800  mm.  rainfall. 

I.  Skorea  robusta*,  Schima  wallichii*  (f),  Terminalia  tomentosa  {i),  T.  bellenca,  Ster- 
culia  villosa,  Chukrasia  tabularis,  Cedrela  microcarpa,  Syzygium  cumini,  Litsea  mono- 
petala,  Ficus  indica,  Castanopsis  tribuloides,  Canarium  sikkimense,  Aphanamixis 
polystachya. 

II.  Ilex  godajam,  Aporosa  roxburghii,  Phoebe  lanceolata,  Castanopsis  indica,  Sarcosperma 
arboreum,  Firmiana  colorata,  Heynea  trijuga,  Garuga  pinnata,  Helicia  erratica,  Mallo- 
tus  philippensis,  Emblica  officinalis,  Quercus  lanceaefolia,  Caryota  mens,  Machilus 
glaucescens,  Baccaurea  sapida,  Qjiercus  spicata,  Bauhinia  purpurea,  Giewia  vestitUf 
Bridclia  retusa  etc. 


Ila.  Dendrocalamus  hamiltonii  (a). 

III.  Light.  Tephrosia  Candida,  Lcea  crispa,  Desmodium  Jloribundum,  D.  tiliaefolium, 
Clerodendrum  viscosum,  Morinda  tinctoria. 


IVa.  Alpinia  allughas. 

IVb.  Setaria  plamifolia,  Microstegium  ciliatum. 

V.  Piper  spp. 

(iii)  Outer  Himalayan  slopes,  Kolimpong  Division,  W.  Bengal  (COWAN). — 

I.  Shorea  robusta*  (13-3),  Stereospermum  pcrsonatum*  (9-7),  Terminalia  crenulata 
(qm),  Schima  wallichii*  (4'3),  Bauhinia  purpurea  (3*5),  Dillenia  pentagyna  (3-2), 
Sterculia  villosa  (2*5),  Talauma  hodgsoni  (2*3),  Garuga  pinnata  (2'2),  Albizziu 
spp.  (2-l). 

II.  Meliosma  simplicifolia,  Grewia  vestita,  Eugenia  spp.,  Styrax  spp.,  Engelhardtia  spicata. 
Ila.  Dendrocalamus  hamiltonii*. 


Note.  This  is  GOWAN’s  Shorea-Stereospermum  climax  association  which  he  notes  as 
occurring  on  the  Nahan  sandstone  and  as  decidedly  more  xerophilous  than  the  last 
The  much  lower  percentage  of  sal  is  characteristic  and  the  form  is  evidently  an  edaphic 
variant  on  the  last  with  features  approximating  the  non-sal  moist  deciduous  forest. 

(iv)  Rangit  Valley,  VV.  Bengal.— 


I.  Shorea  robusta*  (70%),  Pinus  roxburghii  (30%). 

II.  Schima  wallichii*,  Semecarpus  anacardium,  Phoebe  lanceolata, 
Lasearia  graveolens,  Bridelia  retusa. 


Syzygium  cumini. 


III.  Wendlandia  tinctoria,  Woodfordia  fruticosa,  Indigofera 
IVb.  Microstegium  ciliatum,  Thysanolaena  maxima. 
NoTE.-This  is  an  ecotone  to  the  Siwalik  chir  pine  type. 


spp.,  Moghania%^Y),  Phoenix. 
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Cia(ii).  Khasi  hill  sal 

This  type  occurs  on  the  upper  portions  of  the  Khasi  foot  hills,  150  to  650  m.  on  soils 
derived  fiom  gneiss,  quartzite  or  conglomerate.  The  soils  are  gravelly  on  crests  and  upper 
slopes,  deep  led  and  clay^ey  in  the  foot  hills  and  alluv'ial  lower  down.  Sal  occurs  in  pure 
crops  among  mixed  deciduous  species,  mainly  on  the  ridges.  Typical  site  quality  is 
Ill'll*  Dense  Microstegiuni  ciliatum  is  the  most  usual  ground  cover.  Regeneration  of 
sal  is  very  inadequate  and  difficult  to  induce.  Characteristic  associates  are  ; 

I.  Schima  wallichii,  Adina  cordifolia.  ^ 

II.  Premna  spp. 

I  la.  Dendrocalamus  harniltonii* . 

IVb.  Heavy  Microstegium  ciliatum,  Imperata  cylindrica. 

FLORISTICS.— 

(i)  Kamrup  Division,  Assam. — 

I.  Shorea  robusta*  (v^a),  Schima  wallichii*  (f),  Adina  cordifolia*  (f),  Gmelina  arborea 
(If),  Lagerstroemia  parvifora  (o),  Dillenia  penlagyna  (f),  Vitex  peduncularis  (o), 
Terminalia  bellerica  (o). 

II.  Emblica  officinalis  (If),  Premna  lalifolia*  (f),  Aporosa  roxburghii  (f),  Aphanamixis 
polystachya  (la),  Garcinia  sp.,  Careya  arborea. 

Ila.  Dendrocalamus  harniltonii*  (la). 

III.  Desmodium  spp.,  Eupatorium  odoralum,  ^izyphus  mauratiana. 

IVa.  Microstegium  ciliatum,  Imperata  cylindrica,  Thyanolaena  maxima,  Carex  stroemen- 
titia. 

V.  ^izvphus  oenoplia,  Entada  pha<;eoloides,  Butea  parviftora. 


jvjoTE. — In  hollows  Dendrocalamus  harniltonii  occurs  profusely  and  occasional,  Artocar- 
pus  chaplasha,  Michelia  champaca  and  Amoora  spectabilis  are  also  found.  Carex  spp.  occur 
under  dense  canopy. 


At  the  lower  elevations  of  80  to  150  m.,  the  sal  occurs  in  mixture  with  Schima,  Dillenia, 
Vitex  etc.  and  Premna,  Phoebe,  Lauraceae  and  Dendrocalamus  harniltonii  form  a  dense  middle 
canopy.  The  undergrowth  consists  of  Microstegium,  Coffea  bengalensis  and  Alpinia. 


On  colluvium  and  older  alluvium  hillocks  and  deposits,  there  is  no  middle  canopy 
except  the  bamboo  and  the  undergrowth  may  include  Aporosa  obltqua,  Sterculia  villosa, 
and  Dillenia.  The  ground  flora  consists  oi  Alpinia,  Coffea,  Carex,  Eupatorium  and  Microste¬ 
gium.  Climbers  arc  scarce  [Butea  parviftora,  Vitis  palmala). 


General  NoTF..-This  subtype  is  closely  allied  to -Himalayan  forms  and  probably 
represents  a  true  climax  though  its  territory  has  been  artificially  extended  by 
and  jhuming  and  is  again  being  reduced  by  fire  protection.  At  its  upper  limit  at 

Schima  largely  replaces  sal. 
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Plate  23 


VERY  MOIST  BHABAR  SAL  FOREST 

Shorea  robusta  with  Schima  wcllichii,  D'//en/a  pentagyna  Term/na^ 

and  evergreen  undergrowth  of  Amoora,  Leea.  Coffea,  Ervatamia  etc.  ^ 

Jainti,  Buxa  Division,  West  Bengal. 


W  G.  Chambion 
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Sub-Type  3C/Cli/ClZ>(t) 

Cib.  Eastern  bhabar  sal  forest 

Hi»h  quality  tal.  Typical  site  quality  is  II-l,  on  alluvial  loamy  soil.  Regeneratlou 

ofsaUs  tapossiblewithftTeprotectiou.  The  character.st.c  as»c.a,es  are 

1.  Schima  wallichii,  Ugmtnemia  parvipra,  Termtnaha  lomintosa. 

II.  Lauraceae,  Meliaceae. 

IVb.  Imperata  cylindrica,  Microstegium  ciliatum. 


Cib(i).  East  Himalayan  upper  bhabar  sal 

This  subtype  is  characterised  by  the  presence  of  dense  Microstegium  ciliatum.  It 
occurs  on  alluvial,  well  drained  soil  with  boulders.  If  the  forest  is  burnt  regularly  some 
regeneration  takes  place  but  only  very  slowly.  The  sal  is  of  Qty.  MI.  The  characteristic 

associates  are  : — 

I.  Lagerstroemia  parvi flora. 

II.  Aphanamixis  polystachya. 

IVb.  Microstegium  ciliatum. 

ILLUSTRATION.— Plate  23. 

FLORISTICS.— 

(i)  Kurseong  Divn.,  W.  Bengal.  300  ni. ;  3800  mm.  rainfall.  Preservation  Plot  No.  22. — 

I.  Shorea  ro6«^/a*  (va),  Scattered  Terminalia  tomentosa,  Duabanga  grandiflora,  Cedrela 
microcarpa,  Tetrameles  nudiflora,  Elaeocarpus  aristalus,  Lagerstroemia  parviflora* , 
Canarium  sikkimense,  Amoora  wallichii,  Aphanamixis  polystachya* ,  Sterculia  villosa, 
Salmalia  malabarica,  Engelhardtia  spicata,  Chukrasia  tabularis,  Anthocephalus  in- 
dicus,  Gmelina  arborea,  Terminalia  bellerica,  Albizzia  marginata,  Stereospermum 
personatum,  Turpinia  pomifera,  Litsaea  monopetala. 

II.  Scattered  Spondias  pinnata,  Artocarpus  lakoocha,  Heynea  trijuga,  Callicarpa  arborea, 
Premna  integrifolia,  Gartiga  pinnata,  Bauhinia  purpurea,  Ernblica  officinalis, 
Phoebe  lanceolata,  Alangium  chinense,  Aporosa  roxburghii,  Morus  laevigata,  Mallotus 
roxburghiana,  Macaranga  denticulata.  Ficus  glomerata,  Syzygium  cumini,  Oroxylum 
indicum.  Ilex  godajam,  Vitex  quinafa,  Dillenia  pentagyna,  Careya  arborea. 

I  la.  Dendrocalamus  hamiltonii  (va). 

III.  Dense  Clerodendrum  viscosum,  Morinda  tinctoria,  Leea  crispa,  Boehmeria  macrophylla, 

Cqffea  bengalensis.  ’ 

IVa.  Ferns,  Girardinia  heterophylla. 

IVb.  Microstegium  ciliatum. 
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(ii)  Buxa  Division,  W.  Bengal.  Linear  Increment  Plot  No.  2. _ 

I.  Shorea  robusta*  (va),  Schima  wallichii*  (f),  Lagerstroemia  parvifiora*  (f),  Dillenia 
penlagyna  (f),  Terminalia  bellerica  (f),  Sterculia  villosa  (o),  Stereospermum  persona- 
turn  (o),  Lannea  coromandelica  (o),  Garuga  pinnata  (o),  Gmelina  arborea  (o),  Bride- 
Ha  retusa  (o),  Cedrela  toona  (o). 

II.  Aphanamixis  polystachya*  (E)  (f),  Prernna  integrifolia  (f),  Mallotus  philippensis  {{) , 

Eugenia  spp.  (f),  Machilus  sp.  (f),  Wrightia  tomentosa  (o),  Fagara  budrunga  (0)1 
Carey  a  arborea  (o). 

(iii)  Ripu,  Goalpara  IVest  Division,  Assam.  (RAJKHOWA) — 

I.  Shorea  robusta*  (va),  Dillenia  pentagyna  {‘^%),  Schima  wallichii*  (i'6%),  Sterculia 

villosa  (i'4%),  Stereospermum  personatum  (i*i%),  Lagerstroemia  parvifiora* 
(1%),  Lannea  coromandelica,  Terminalia  bellerica,  Gmelina  arborea,  Vitex  pedun- 
cularis,  Amoora  wallichii  and  occasional  AlbigglO’  spp.,  Salmalia,  Alstonia, 
Cedrela,  Tetrameles  etc. 

II.  Prernna  spp.,  Wrightia  tomentosa,  Careya  arborea,  Dillenia,  Bridelia. 

III.  Eupatorium  odoraturn  (plantations),  Cofea  bengalensis,  Clerodendrum  viscosum, 

Leea,  Moghania. 

IVb.  Microstegium  ciliatum,  Imperata  cylindrica  (with  burning). 

Percentages  indicate  proportions  of  associates  over  60  cm.  girth,  taking  sal  as  100. 

(iv)  Bamba,  Goalpara  West  Division,  Assam.  (RAJKHOWA). — 

I.  Shorea  robusta*  (va),  Stereospermum  personatum  (7%),  Schima  wallichii*  (6%), 
Terminalia  bellerica  (6%),  Dillenia  pentagyna  (4%),  Lagerstroemia  parvifiora* 
(4%),  Gmelina  arborea  (3%),  Lannea  coromandelica  (2%),  Garuga  pinnata  (2%), 
Sterculia  villosa  (2%),  Salmalia,  Syzygium  cumini,  Vitex  peduncularis,  Aphanamixis 
polystachya*,  Cedrela  toona,  Litsea  monopetala,  Phoebe  goalparensis  etc. 

II.  Dillenia  pentagyna,  Careya  arborea,  Callicarpa  arborea,  Albizzia  spp. 

III.  Coffea  bengalensis,  Clerodendrum  viscosum,  Litsea  sp.  and  Eupatorium  odoraturn  (in 
icgeneration  areas). 

IVb.  Microstegium  ciliatum. 

V.  Vitis  latifolia,  Millettia  auriculata,  Dalbcrgia  stipulata. 

Percentages  indicate  proportion  of  associates  over  60  cm.  girth,  taking  sal  as  100. 


ILLUSTRATION.— CHAMPION  (i933);Pla‘«  ^2. 

Note  —This  was  previou.sly  distinguished  as  the  Bamba  subtype  (p2a). 
ccntagrof  fir'  render  LrgreeL  is  somewha.  higher,  o.herw.se  .here  rs  no 

from  the  typical  examples. 


The  per- 
difference 
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Cib(ii).  East  Himalayan  lower  bhabar  sal 

This  subtype  differs  from  the  upper  bhabar  subtype  in  being  decidedly  damper  with 
Microste,ium\^^\n  evidence  and  with  Terminalia  tomentosa,  Machilus  spp.,  and  morc  Melm- 
Ss  I  i  a  tall  forest  with  high  quality  sal.  Regeneration  is  impossible  wi 
protection  as  a  dense  evergreen  undergrowth  whereas  the  Mperata  increases  with 
burning.  The  quality  is  I-II  on  alluvial,  well  drained,  but  not  bouldery  soil.  Th . 
characteristic  associates  are: — 

I.  Terminalia  tomentosa. 


II.  Machilus  spp.,  Meliaceae. 

ILLUSTRATION.— CHAMPION  (1933);  Plate  23. 

FLORISTICS.— 

(i)  Bamanpokhri,  West  Bengal.  260  m.  upwards. — 

I.  Shorca  robusta*,  Terminalia  tomentosa*,  Schima  wallichii*,  Terminalia  bellenca,  Dil- 
lenia,  Lagerstroemia  parvijlora* ,  Sterculia  villosa. 

II.  Wrightia  tomentosa,  Grewia  vestita,  Premna,  Macaranga,  etc. 

III.  Clerodendrum  viscosum,  Coffea  bengalensis,  Phlogacanthus. 

(ii)  Buxa  Division,  W.  Bengal.  Preservation  Plot  No.  3. — 

I.  Shorea  robusta*,  Sterculia  villosa,  Lagerstroemia  parvijlora*,  Schima  wallichii*,  Sal- 
malia  malabarica.  Cassia  jistula,  Albizziu  odoratissima. 

II.  Oroxylum  indicum,  Carey  a  arborea,  Dillenia  pentagyna,  Premna  integrifolia,  Glochidron 
acuminatum,  Mallotus  philippensis,  Bridelia  retusa,  Garuga  pinnata,  Emblica  officina¬ 
lis,  Drypetes  lancifolia  etc. 

III.  Coffea  bengalensis,  Clerodendrum  viscosum  etc. 


IVa.  Leea  crispa,  Alpinia  speciosa. 

IVb.  Saccharum  spp.,  Microstegium  ciliatum. 

V.  Millettia,  Mucuna  prurita,  Cissus  repanda,  Vitis  sp.,  Dalbergia  stipulacea. 

(iii)  Jalpaiguri  Division,  West  Bengal. — 

I.  Shorea  robusta  (va),  Terminalia  bellerica  {o)  ,T .tomentosa*  (o),  Dillenia  pentagyna  (o). 

II.  Carey  a  arborea,  Premna  bengalensis,  Premna  integrifolia,  Amoora  wallichii*,  .iphana- 
mtxts  polystachya*,  Lagerstroemia  parvijlora,  Aporosa  dioica,  Holarrhena  antidysen- 
tenca,  Macaranga  denliculata,  Mallotus  roxburghii,  Meliosma  simplicifolia. 

III.  Coffea  bengalensis  (f),  Clerodendrum  viscosum  (If). 

IVa.  Alpinia  allughas  (va),  Leea  crispa  (f).  Ferns. 

IV.  No  grass  {Imperata  with  burning). 

V.  Millettia  aunculata,  Dalbergia  stipulacea,  Tinospora  cordifolia.  Acacia  sp.,  Vitis  sp. 

Note.  S.  P,  i  &  P.P.  3^  Jalpaiguri  Division,  on  which  the  above  floristics  are  based 
represent  some  of  the  finest  sal  growth.  oased 

U— 7FRI&.C/64 
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(iv)  Goalpara  IVest  Division,  Assam. — • 

I /I I.  S/iorea  robusta,  Terminalia  bellerica,  Lagerstroemia  parviflora*,  Schima  wallichii*, 
Stereospermum  personatum,  Dillenia  pentagyna,  Gmelina  arborea,  Lannea  coromande- 
lica,  Garuga  pinnata,  Vitex  peduncularis. 

Cic.  Eastern  tarai  sal  forest 

This  subtype  is  characterised  by  the  presence  of  canes  and  ferns,  without  bamboo, 
and  occurs  on  dark  alluvium  and  khurkhani  soil  with  a  wet  subsoil.  The  sal  is  of  Q_. 
C.  III-II  and  regeneration  is  impossible  with  fire  protection.  Michelia  champaca,  Casta- 
nopsis  and  mixed  evergreens,  and  Themeda  and  other  large  grasses  in  place  of  Microstegium. 

The  characteristic  associates  are  : — 

I.  Michelia  champaca,  Castanopsis. 

II.  Machilus  spp..  Mixed  evergreens. 

IVb.  Themeda  arundinacea  etc.,  with  burning. 

ILLUSTRATION.— CHAMPION  (1933);  Plate  24. 

FLORISTICS.— 

(i)  Linear  S.  P.  JIos.  i  and  3,  Buxa  Division  {West  Bengal). — 

I,  Shorea  robusta*  (va)  (i6-8%),  Elaeocarpus  varunna  (8-9%),  Machilus  villosa*  (f) 
(5*5%),  Stereospermum  personatum  (f)  (5*3%)>  Schima  wallichii  (f)  (4’3%)> 
Terminalia  bellerica  (Ic)  (i’4%)j  Lagerstroemia  parviflora  (Ic)  (i-o%). 

II.  Meliosma  simplicifolia  (a)  (ii'3%),  Aphanamixis  polystachya  (7'5%)>  Premna 
bengalensis  (I)  (2-6%),  Bauhinia  purpurea  (lc)(i-9%),  Turpinia  pomifera  (Ic) 
(i*7%),  Saurauja  roxburghii  (Ic)  (i*2%). 

Note. — Unquestionably  a  serai  stage  to  evergreen  forest. 

(ii)  Goalpara  West  Division,  Assam  (RAJfCHOWA). — 

I.  Shorea  robusta*  (va),  Schima  wallichii  (4%),  Stereospermum  personatum  (3%),  Dillenia 
pentagyna  (2%),  Terminalia  bellerica  (2%),  Lagerstroemia  parviflora  (1%),  Lannea 
coromandelica  (1%),  Eugenia  spp.  (1%),  Sterculia  villosa,  Vitex  peduncularis, 
Premna  spp.,  Cedrela  toona,  Albizzia  procera,  Salmalia,  Gmelina,  Ilex  godajam, 
Litsea  monopetala,  Phoebe  goalparensis ,  Bridelia  retusa,  Amoora  wallichii. 

II.  Turpinia  pomifera,  Talauma  hodgsoni,  Machilus  villosa*. 

III.  Morinda  angustifolia,  Leea  indica,  Eupatorium  odoratum  (open  places). 

IVa.  Alpinia  allughas. 

IVb.  Microstegium  ciliatum. 

Perctntasies  indicate  proportion  of  associates  over  90  cm.  girth,  taking  sal 


as  ioo» 


Facing  page  135 


Plate  24 


VERY  MOIST  PENINSULAR  (COASTAL)  SAL  FOREST 
A  coastal  sal  stand  on  Tamna  hill,  Purl  Division,  Orissa 
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Sub-type  SCICidItype  3(7/C2 

General  NoTE.-There  is  a  great  deal  of  evideace  that  most  of  the  type  in 
the  tarai  and  bhabar  tracts  owes  its  existence  to  periodic  burning  and  locally 
cultivation,  the  sal  having  grown  up  in  grass  savannahs.  It  is  equally  evident  that  with 
fire  protection  it  is  progressing  to  a  largely  evergreen  t^qie  from  which  sal  wiU  be  almost 
entirely  absent  owing  to  its  inability  to  regenerate  under  evergreen  shade.  Only  in  the 
upper  part  of  the  bhabar  it  is  likely  to  be  able  to  persist,  cf.  p.  131. 


Gid.  Peninsular  (coastal)  sal  forest 

ILLUSTRATION.— Plate  24. 

FLORISTIGS.— 

I.  Shorea  robusta*  (50%),  Dillenia  penfagyna,  Terminalia  tomentosa,  Bridelia  retusa, 
Adina  cordifolia. 

II.  Syzygium  cumini,  Protium  serratum,  Polyalthia  cerasoides*  (E),  Cycas  circinalis  (o). 

Ila.  Barnbusa  arundinacea*  (a.) ,  Dendrocalamus  strictus  (a) ,  Oxytenanthera  (lo). 

III.  Rubiaceae  {Webera,  Psychotria,  etc.) ,  Ardisia  solanacea,  Leeas-p.,  Macaranga  peltata, 
Strobilanthes  spp. 

IVb.  Thysanolaena,  Imperata,  Panicum  spp. 

V.  Bauhinia  vahlii,  Combretum  decandrum,  Butea  superba,  ^izyphus  oenoplia. 

Note. — Much  of  the  area  at  present  occupied  by  the  type  is  unquestionably  a  stable 
subclimax  type  to  semi-evergreen  (cf.  p.lOl)  conditioned  by  burning.  On  the  introduction 
of  fire  protection,  progression  rapidly  commences  with  the  establishment  of  a  dense  ever¬ 
green  undergrowth  including  tree  species.  This  fact  would  appear  to  indicate  that  parts 
of  the  sal  forest  may  be  of  secondary  origin,  an  edaphic  climax  occurring  only  on  well 
drained  ridges  and  slopes.  It  gradually  merges  with  the  moist  peninsular  type. 


C*.  Moist  sal-bearing  forest 

DESCRIPTION.— The  typical  moist  sal  forest  has  already  been  described  above 
on  page  121.  Owing  to  its  importance  it  has  been  subdivided  into  a  number  of  subtypes 

and  forms,  the  most  comprehensive  analysis  being  by  CHAMPION  (iqqo).  In  the 

present  work  this  classification  has  been  revised  in  accordance  with  current  ideas  and  the 
much  more  detailed  information  now  available.  The  Moist  Sal  is  viewed  as  a  climax 
(chmauo  cdaph,c  or  bio-cdaphic)  formation  througl.out  and  some  forms  which  m^gS 
be  considered  serai  have  also  been  included  in  the  climax  type  as  they  are  sufficiemly 
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The  following  subdivisions  are  recognised  : — 

C2a — Moist  Siwalik  sal 
Czb — Moist  bhabar  sal 

(i)  Bhabar-dun  sal 

(ii)  Damar  sal 

C2c — Moist  tarai  sal 
C2d — Moist  plains  sal 

(i)  Western  light  alluvium  plains  sal 
(ii)  Eastern  heavy  alluvium  plains  sal 
C2e — Moist  peninsular  sal 

(i)  Moist  peninsular  high  level  sal 

(ii)  Moist  peninsular  low  level  sal 

(iii)  Moist  peninsular  valley  sal 

DISTRIBUTION. — That  of  type  as  a  whole,  being  present  in  more  or  less  varying 
form  throughout  northern  India  wherever  rainfall  is  not  less  than  i,ooo  mm.  Mixed 
deciduous  forest  without  sal  is  locally  present  wherever  the  soil  or  other  locality  factors 
overstep  the  relatively  narrow  limits  suiting  sal. 

LOCALITY  FACTORS. — Climate  and  rainfall  conditions  are  given  on  pages  122 
123,  123.  Sal  requires  a  fairly  mature  soil  and  so  is  general  on  the  hills  wherever  the 
moisture  is  adequate  but  is  not  found  on  many  otherwise  suitable  alluvial  soils.  On 
many  soils  and  slopes  it  merges  imperceptibly  into  the  dry  deciduous  type.  The  type 
extends  up  to  about  i,ooo  m.  in  the  hills  meeting  the  subtropical  forests  of  pine  (group  9) 
or  broadlcaved  trees  (group  8). 

C2a.  Moist  Siwalik  sal  forest 

This  subtype  occurs  on  Nahan  sandstone  with  light  soil.  The  sal  is  of  Q.  C.  III-II. 
Regeneration  is  adequate.  The  following  are  typical  associates  : — 

1.  Anogeissus  latifolia,  Terminalia  tomentosa. 

Ila.  Dendrocalamus  strictus. 

III.  Collebrookia  oppositifolia. 

IVb.  Thysanolaena. 

ILLUSTRATON.— CHAMPION  (1933);  Plate  2. 

FLORISTICS.— 

(i)  Siwalik  Hills,  Haldwani  Division,  U.  P.  — 

I.  Shorea  robusta*  (a),  Anogeissus  latifolia*.  (a),  Terminalia  tomentosa* {i),  Adina 
cordifolia  (If),  Pinus  roxburgkii  (o),  (on  northern  slope  or  higher  ridges)  Lannea 
coromandelica  (o),  Garuga  pinnata  (o),  Terminalia  bellerica  (o),  Diospyros  tomentosa 

(o). 
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II.  Ougeinia  oojeinensis  (a),  Buchanania  lanzan  (f),  Semecarpus  anacardium  {i),  Ehretia 
laevis{i),  Bauhinia  {i).  Cassia  fistula,  Cascaria  tomentosa,  Embltca  officinalis, 
Olea  glandulifera  (o),  Engelhardtia  colebrookiana  (o),  Machilus  odoratissima  (o). 

Ila.  Dendrocalamus  strictus*{a.). 

III.  Colebrookia  oppositifolia* ,  Murraya  koenigii,  Woodjordia  fruticosa,  Berberis  asiatica 
(o),  Indigofera  pulchella,  Clerodendrum  viscosum,  Pogostemon  plectranthoides. 

IVb.  Heteropogon  conlortus,  Chrysopogon  fulvus,  Thysanolaena  maxima. 

V.  Bauhinia  vahlii*,  Millettia  auriculata. 

(ii)  Saharanpur  Division,  Uttar  Pradesh.  300  m.  Preservation  Plot  No.  17.— 

I.  Shorea  robiista*  (56%)  Lagerstroemia  parvifiora  (8%)  Garuga  pinnata  (4%)  Adina 
cordifolia  (1-5%),  Terminalia  bellerica  (o),  Mitragyna parvifolia  (o),  Hymenodictyon 
excelsum  (o),  Stereospsrmum  suaveolens,  Anogeissus  latifolia*,  Bridelia  retusa. 

II.  Miliusa  velutina  (5%),  Ehretia  laevis  (5%),  Mallotus  philippensis  (5%),  Sterculia 
villosa  (i’5%),  Holarrhena  anlidysenterica  (i‘5%)>  Casearia  tomentosa,  Wrightia 
tomentosa,  Ougeinia  oojeinensis,  Litsea  glutinosa,  Grewia  elastica,  fifizyphus  xylopyrus. 
Gardenia  turgida.  Cassia  fistula.  Angle  marmelos,  Butea  monosperma,  Randia  dume- 
torum. 

III.  Adhatoda  vasica,  Helicteres  isora. 

Percentages  based  on  all  trees  over  10  cm.  d.b.h. 

Gsb.  Moist  bhabar  sal  forest 

Two  sub-types  may  be  distinguished,  one  occurring  on  the  dun  and  gentle  bhabar 
slopes  which  are  gravelly  in  nature  or  underlain  by  gravels  and  boulders  fairly  close  to 
the  surface  and  the  other  developed  on  high  alluvial  terraces  or  damars  (high  river  bank) 
with  good  loamy  soils  but  no  pebbles,  jutting  out  in  the  tarai  and  plains.  The  sal  is 
typically  of  Q,.C.  II  and  regeneration  is  difficult  with  fire  protection  but  proceeds  slowly 
m  burnt  grass.  Ihe  following  species  are  characteristic  : — 

I.  Terminalia  tomentosa,  Lagerstroemia  parvifiora, 

II.  Mallotus  philippensis. 

III.  Clerodendrum  viscosum . 

IVb.  Narenga  porphyrocoma,  Imperata  cylindrica. 

C2b(i).  Bhabar-dun  sal  forest 

The  species  which  are  more  characteristic  of  this  subtype  are  :~ 

I.  Lagerstroemia  parvifiora,  Terminalia  tomentosa  (o). 

II.  Mallotus  philippensis,  Ehretia  laevis. 

IVb.  .Narenga  porphyrocoma. 
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FLORISTIGS.— 

(i)  Dehra  Dun  Division,  Uttar  Pradesh. — 

I.  Shorea  robusta*  {va),  Lagerstroemia  parviflora*  [o),  Adina  cor  difolia,  Kydia  calycina. 

AAallotus  philippensis* ,  Litsea  glutinosa,  Ehretia  laevis,  Syzygium  cumini,  Grewia 
elastica,  Cordia  dichotoma. 

III.  Clerodendrum  viscosum,  Glycosmis  pentaphylla. 

V.  Millettia  auriculata,  Bauhinia  vahlii. 

(ii)  Kumaon  Bhabar,  Uttar  Pradesh  (OSMASTON). — 

I.  Shorea  robusta*  {va) ,  Lagerstroemia  parviflora* ,  Terminalia  tomentosa*  (o),  T.  bellerica, 
Adina  cordifolia  (o),  Ficus  sp.  (o). 

II.  Mallotus  philippensis*  (a),  Syzygium  cumini  (f),  Ougeinia  oojeinensis  (o),  Carcya 
arborea  (o) . 

Ila.  Dendrocalamus  strictus  (o). 

III.  Holarrhena  antidysenterica  (a),  Randia  longispina*  (f),  Clerodendrum  viscosum  (va), 
Millettia  auriculata*  (a),  Moghania  semialata  (f),  Desmodium  spp.,  Pogostemon 
plectranthoides . 

IVb.  Imperata  cylindrica,  Themeda  gigantea,  Vetiveria  zizanioides. 

V.  Butea  parviflora  (f),  Millettia  auriculata  (f),  Bauhinia  vahlii  (o). 

C2b(ii).  Damar  sal  forest 

The  species  which  are  more  characteristic  of  this  subtype  are: — 

I.  Adina  cordifolia. 

II.  Syzygium  cumini,  Schleichera  oleosa. 

IVb.  Themeda  arundinacea,  Sclerostachya  fusca. 

V.  Tiliacora  acuminata. 

ILLUSTRATION.— CHAMPION  (1933);  Plate  10. 

FLORISTIGS.— 

(i)  North  Kheri  Division,  Uttar  Pradesh — 

I.  Shorea  robusta*  (va),  Terminalia  tomentosa*  (5-20%),  Adina  cordifolia*  (o),  Lager¬ 
stroemia  parviflora*,  Terminalia  bellerica,  Stereospermum  suaveolens,  Kydia  calycina. 

II.  Syzygium  cumini*,  Mallotus  philippensis*,  Schleichera  oleosa*,  Ougeinia  oojeinensis, 
Miliusa  velutina. 

III.  Clerodendrum  viscosum,  Pogostemon  plectranthoides,  Moghania  chappar,  Glycosmis 
pentaphylla,  Ardisia  solanacea,  Indigofera,  Phoenix  acaulis  (burnt  areas). 

IVb.  Imperata  cylindrica,  Themeda  arundinacea,  Sclerostachya  fusca. 

V.  Tiliacora  acuminata,  Bauhinia  vahlii,  Millettia  auriculata  (Calamus  tenuis  in  wet 
places  along  streams). 
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C2c.  Moist  tarai  sal  forest 

This  subtype  occurs  on  grey  clayey  alluvium  with  wet  subsoil  and  is  perhaps  best 
characerised  by  the  presence  of  Catoat.  The  sal  is  of  ft.  C.  IIMV  and  there  is  fair 
coppice  regeneration. 

I  &  II.  Syzygium  cumini,  Trewia  nudiflora. 

III.  Ardisia  solanacea. 


IV.  Very  little  herbaceous  vegetation  or  grass. 
V.  Calamus  tenuis. 


FLORISTICS.— 

Haldwani  Division,  U.  P. — 

I.  Shorea  robusta*  (va),  Adina  cordifolia  (o),  Trewia  nudiflora*  (f),  Syzygium  cumini* 
(vf.) 

II.  Syzygium  cumini*,  Lagerstroemia  parvijlora,  Litsca  glutinosa,  Elaeagnus  latifolia, 
Alangium. 

I  la.  Bambusa  arundinacea. 

III.  Clausena  pentaphylla,  Ardisia  solanacea. 

V.  Calamus  tenuis. 


Cad.  Moist  plains  sal  forest 

This  subtype  is  also  conveniently  subdivided  into  two  subtypes  according  as  the 
soil  is  light  or  heavy  old  alluvium.  The  light  alluvium  subtype  is  found  in  the  western 
part  of  the  range,  frequently  occurring  on  lower  levels  in  the  bhabar  type  (Cab)  and  drier 
elevated  portions  of  the  tarai  type  (Gac).  The  top  soil  is  usually  underlain  by  sandy 
layers  of  varying  depth.  The  heavy  old  alluvium  type  is  characteristic  of  the  lower 
leaches  and  occurs  in  the  upper  plains  from  Gorakhpur  in  Uttar  Pradesh  to  Kamrup  in 
Assam,  the  soil  being  usually  yellow  clayey.  It  is  absent  in  W.  Bengal,  the  appropriate 
areas  having  been  cleared  long  ago. 

C2d(i).  Western  light  alluvium  plains  sal 

It  generally  occurs  on  sandy  alluvium  with  a  dry  subsoil.  The  sal  is  of  O  •  C.  Ill 
with  adequate  young  crops.  The  characteristic  species  are  ; 

I.  Terminaha  tomentosa,  T.  bellerica,  Lagerstroemia  parvijlora. 

II.  Mallotus  philippensis. 

Themeda  arundinacea,  Saccharum  spp. 

ILLUSTRATION.  -CHAMPION  (1933);  Plate  12. 

FLORISTICS.— 

(i)  North  Kheri  Division,  Uttar  Pradesh. _ 
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I.  Shorea  robusta*  (va),  Terminalia  tomentosa*  (10-15%),  T.  bellerica* ,  Lagerstroemia 

parviflora*,  Adina  cordifolia,  Kydia  calycina,  Stereospermum  suaveolens,  Schleichera 
oleosa.  Ficus  spp. 

II.  Syzygium  cumini,  Miliusa  velutina,  Semecarpus  anacardium,  Bauhinia  malabarica, 
Grewia  spp.,  Mallotus  philippensis* ,  Butea  monosperma,  Holarrhena  antidysenterica. 

Ill-  Helicteres  isora,  Ardisia  solanacea,  Moghania,  Clerodendrum  viscosum,  Murraya  koenigii, 
IVb.  Themeda  arundinacea. 

(ii)  South  Kheri  Division,  Uttar  Pradesh. — 

I.  Shorea  robusta* ,  Terminalia  tomentosa* ,  Lagerstroemia parvifora* ,  Diospyros  tomentosa, 
Stereospermum  suaveolens,  Madhuca  indica  (o). 

II.  Buchanania  lanzan,  Bridelia  retusa,  Syzygium  cerasoideum,  Mallotus  philippensis*, 
Holarrhena  antidysenterica,  Ehretia  laevis,  Casearia  tomentosa,  Bauhinia  malabarica, 
Aegle  marmelos. 

III.  Carissa  spinarum,  ^izyphus  mauratiana,  Z-  oenoplia,  Helicteres  isora. 

IVb.  Themeda  arundinacea,  Saccharum  spontaneum,  Imperata  cylindrica,  Cymbopogon 
martinii,  Bothriochloa  intermedia,  Chrysopogon  fulvus,  Heteropogon  contortus. 

V.  Butea  parviflora,  Bauhinia  vahlii,  Ichnocarpus  frutescens. 

Note. — The  subtype  takes  on  a  special  form  in  the  lowlying  chandars  of  the  sub- 
Himalayan  tract  {Chandar  Sal).  The  soil  is  light  to  heavy  alluvium  on  a  dry  subsoil. 
There  is  heavy  grass  growth  in  which  sal  regeneration  may  be  abundant  but  is  annually 
or  periodically  severely  cutback  by  frost,  followed  by  fire.  The  characteristic  associates 
are : — 

I.  Syzygium  cerasoideum. 

IVb.  Themeda  arundinacea. 

FLORISTIGS.— 

Pilibhit,  Uttar  Pradesh.  (SETH) — 

I.  Syzygium  cerasoideum* . 

III.  Helicteres  isora,  Clausena  pentaphylla, 

IVb.  Themeda  arundinacea  (dominant),  Saccharum  spontaneum,  Vetiveria  zizunioides. 
Also  less  commonly  Imperata  cylindrica,  Cymbopogon  sp.,  Desmostachya  bipinnata, 
Chionachne  koenigii,  Bothriochloa  intermedia,  Narenga  porphyrocoma. 

C2d  (iii).  Eastern  heavy  alluvium  plains  sal 

Sal  of  Q,-  C.  III-IV  with  a  low  undergrowth  of  shrubs,  with  little  or  no  grass.  It 
occurs  on  yellow  clayey  alluvium  and  there  are  usually  enough  small  poles  etc.  for  coppice 
working.  The  characteristic  associates  are 

I.  Terminalia  tomentosa,  Dillenia  penlagyna,  Lagerstroemia  parviflora. 
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II.  Croton  oblongifolius. 

III.  Moghania  chappar. 

IVb.  Herbs  and  grass  light. 
illustration.— CHAMPION  (iQSS);  P'ate 


14. 


FLORISTICS.— 

(i)  Gorakhpur  Division,  Uttar  Pradesh.—  -run  .-.v.,  T  chebula  (o), 

T  <^hnrea  robusta*  Termitialia  tomentosa*,  Terminalia  bellenca  (  ),  '  ^ 

'  Adim  mdifoui,  Lagerstmmia  pamflom*,  Dillema  penlagyna  ,  Sleretspcmum 
MakuJindica,  SckleUH„a  oleosa.  S.gpgiun,  eumn,.  S.  ceraso.deum. 

Pterocarpus  marsupium,  Ficus  spp. 

H  Miliusa  velutina,  Miliusa  tomentosa,  Mallotus  philippensis . 

III.  Croton  oblongifolius*,  Glycosmis  pentaphylla,  Clerodendrum  viscosum,  Ardisia  solanacea, 
(along  nalas)  Moghania  chappar,  Desmodium  pulchellum. 


IVb.  Heavy  grass  on  open  patches  of  very  stiff  soil. 

V.  Tiliacora  acuminata,  Bauhinia  vahlH. 

(ii)  Guma,  Goalpara  West  Division,  Assam.  (RAJKHOWA)  (on  red  soils  overlying  boul- 
dery  deposits). — 

1.  Shorea  robusta*  (g^X),  Terminalia  bellerica*  (1%),  Dillenia  pentagyna*  (1%), 
Gmelina  arborea,  Amoora  wallichii,  Lagerstroemia  parvi flora* ,  Artocarpus  chaplasha, 
Stereospermum  personatum,  Syzygium  cumini,  etc. 

H.  Litsea  monopetala,  Aphanamixis  polystachya,  Callicarpa  arborea,  Spondias  pinnata, 
Bauhinia  spp. 

III.  Morinda  angustifolia,  Clerodendrum  viscosum,  Leea  itidica,  Phlogacanthus,  Eupatorium 
odoratum. 

IVa.  Alpinia  allughas. 

IVb.  Scarce,  Microstegium  ciliatum  (with  heavy  grazing) . 


Percentages  refer  to  trees  over  30  cm.  girth. 


G2d(iv).  App.  Kamrup  sal 

Type  G2d(iv)  develops  a  dense  evergreen  undergrowth  with  protection  on  yellow 
clayey  alluvial  soils  and  khurkhani  soils.  The  sal  is  of  Q,.  G.  III-II.  Regeneration  is  good 
in  burnt  grassland  but  is  stopped  by  protection.  Characteristic  associates  here  are  ; — 
I.  Dillenia  pentagyna,  Lagerstroemia  parviflora,  Schima  wallichii. 

II.  Careya  arborea,  Glochidion  spp. 

IVb.  Imperata  cylindrica. 

ILLUSTRATION. — CHAMPION  (1933);  Plates  15  and  16. 

FLORISTICS.— 

Kamrup  Division,  Assam.  (JACOB). _ 

I.  Shorea  robusta*,  Dillenia  pentagyna*,  Lagerstroemia  parviflora* ,  Schima  wallichii. 

II.  Gareya  arborea*,  Gmelina  arborea,  Vitex  peduncularis. 

III.  Cqffea  bengalensis  (under  dense  eanopy). 
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IVa.  Ferns,  Alpinia  allughas  (under  closed  canopy). 

IVb.  Imperata  cylindrica  (in  opener  areas),  Carex  stroementitia. 

V.  Few  Vitis  palmala,  Butea  parviflora. 

Note.— JACOB  considers  the  type  to  be  secondary  invasive,  sal  extending  from  the 
foothills  down  into  tne  alluvial  grassland  after  burning  has  stopped.  In  more  evergreen 
patches,  occasional  old  Artocarpus  chaplasha,  Cinnamomum  cecicodaphne,  Garcinia  spp.y  Phoebe 
spp.,  and  a  little  bamboo  occurs. 

General  Note  on  Type  3G/G2. — BHATNAGAR  (i960)  has  distinguished  the 
following  communities  in  the  moist  sal  forests  of  Uttar  Pradesh. 


Shorea-Ougeinia-Colebrookia 

Protection 

Shorea-  Terminalia-Moghania 
Greater  moisture 

Shorea-Syzygium-Randia-Ageralum 
Greater  moisture  \J/ 

Shorea-Lagerstrosmia-Pogostemon 


(Biotic  sub-climax  community). 

(Climax  community  on  elevated 
portions). 

(Post-climax  in  damp  valleys 
etc.). 

(Climax  community  on  lower 
plains  type  areas). 


SRIVASTAVA  (1962)  has  recognized  six  communities  in  dry,  moderately  dry 
and  moist  facies  The  societies  (undergrown)  characteristic  of  each  community  are 
given  underneath  within  brackets. 


SERIES 

SHORE  A-MALLOTUS-CLE  RODENDRUM 
CARROrtS  INDICATE  PROGRESSION) 

MOIST  FAEIES  MODERATELY  DRY  FACIE5  DRY  FACIES 


C  2b-TERMlNALIA- 
-SVZYGIUM-LITSEA 
/MURRAY  A-MOGHANIA 
-AGERATUM) 

C2a-TERMINALIA-AN0GEISSUS'{ 

-9UCHANANIA 

(murraya-moghania) 

C2a-TERMINALIA- 

EHRETIA-LAGERSTROEMIA 

Mllettia-pogostemon  - 

MURRAYA-SIDA) 

f  f 

C2<l-TERMINALIA-SY2Y&tUM- 

CORDIA 

(MOGHANIA-COLE  B  ROOK  lA- 
SIDA) 

C2b-LAGERSTROEMlA-EHR£TtA 

(POGOSTEMON-MILLETTIA-JUSTICIA) 

(GLYCOSMIS-TILIACORA-MURRAYA) 


CJd-TERMiNALIA-LAGERSTROEMlA- 

BRIDELIA 

(  GLYCOSMIS-TILIACORA-MURRAYA- 

CALLICARPA)  _ 


Tr  -v 
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Sub -type  3C/(G'2«/C2«(t)) 

C2e.  Moist  peninsular  sal  forest 

This  type  dSeLs.  It  occurs  on  crystalline 

fo^fauxr^or  -^.“hnsfofa  c  niri^: 

=c“  S^rc^lr  “  --  -  --  — 


are 


I.  Pterocarpus  marsupium. 

III.  Indigofera  pulchella,  Phoenix  acaulis. 
IVb.  Themeda  quadrivalvis. 


C2e(i).  Moist  peninsular  high  level  sal 

The  sal  extends  up  over  the  hills  on  laterite,  trap  and  crystalline  rocks.  It  is 
of  0,.  C.  IV.  Regeneration  is  adequate  but  there  is  a  risk  of  frost.  Typical  associates 

are  : 

I.  Syzygium  cumini. 

Ila.  Dendrocalamus  strictus. 

III.  Phoenix  acaulis. 

IVb.  Themeda  quadrivalvis. 


ILLUSTRATION.— Plate  25. 

FLORISTICS.— 

(i)  Kalahandiy  Orissa  (MOONEY) — 

I  &  II.  Shorea  robusta*,  Syzygium  cumini*,  Bauhinia  spp.,  Albizzia  chinensis,  Cedrela 
toona,  Xylia  xylocarpa,  Emblica  officinalis* ,  Callicarpa  arborea,  Careya,  Dillenia, 
Elaeodendron. 


III.  Alslonia  venenata,  Colebrookia,  Boehmeria,  Grewia. 

IVb.  Arundinella  spp.,  Thysanolaena  maxima,  Themeda  triandra. 

(ii)  Supkhar,  Madhya  Pradesh  (on  undulating  hills  650—820  m.)— 

1.  Shorea  robusta*,  Terminalia  tomentosa,  Anogeissus  lalifolia,  Syzygium  cumini* ,  Ptero¬ 
carpus  marsupium*,  Madhuca  indica.  Lagers troemia  parvifior a. 

II.  Kydia  calycina,  Emblica  officinalis,  Ougeinia  oojeinensis,  Bridelia  retusa,  Terminalia 
chebula,  Diospyros  tomentosa,  Buchanania  lanzan,  Bauhinia  malabarica,  Casearia 
graveolens,  Eriolaena  hookeriana,  Wendlandia  exserta,  ^izyphus  xylopyrus,  Butea 
monosperma,  Randia  dumetorum,  Aegle  marmelos. 
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III.  Phoenix  acaulis*,  Moghania  semialata,  Desmodium  pulchellum,  Woodfordia  floribunda, 
Grewia  hirsute,  Embelia  tsjeriam-cottam,  Helicteres  isora. 

IVb.  Themeda  quadrivalvis,  Imperata  cylindrica,  Heteropogon  contortus,  Eragrostis  tenella. 

V.  Bauhinia  vahlii,  Butea  superba,  Smilax  macrophylla,  i^izyphus  rugose. 

ILLUSTRATION.— CHAMPION  (1933);  Plate  3. 

Notes. — This  type  occurs  on  trap,  where  it  is  poor.  It  also  occurs  on  laterite  and 
attains  its  best  development  on  deep  loam.  Frost  damage  is  serious  at  the  higher  eleva¬ 
tions;  undergrowth  is  scanty. 

In  frosty  valleys,  usually  on  black  soil,  the  scattered  groups  of  sal  are  Q,.  C.  III-IV. 
The  often  abundant  regeneration  in  the  grass  is  killed  back  annually  by  the  frost. 


C2e(ii).  Moist  peninsular  low  level  sal 


There  is  a  light  shrub  growth  under  the  sal,  and  a  moderately  dense  cover  of  grass. 
The  subtype  occurs  on  crystalline  rocks  with  yellow  loam  soils.  Sal  is  Q,.  C.  III.  Regene¬ 
ration  is  satisfactory.  Typical  associates  are  : 

I.  Pterocarpus  marsupium,  Terminalia  tomentosa. 

11.  Emblica  officinalis  {Mallotus  absent). 

IVb.  Themeda  quadrivalvis  (No  large  Saccharum). 


ILLUSTRATION.— CHAMPION  (1933);  Plate  6. 

FLORISTICS.— 

(i)  Angul  Division,  Orissa.  Preservation  Plot  No.  3;  350  m. 

I.  Shorea  robusta*  (va),  Terminalia' tomentosa*  {v&) ,  Adina  cordifolta  {a) ,  Mitragyna 
‘  barvi folia  (f),  Lagerstroemia  parviftora  (f),  Anogeissus  latifolia  (If),  Bridelia  retusa 
(If),  Albizzia  procera  (If),  Hymenodictyon  excelsum  (If),  Pterocarpus  marsupium  , 
Salmalia  malabarica  (o),  Gmelina  arborea  (o). 

II.  CUiMIhus  coUims  (va),  DdbergU  latifoUa  (f).  Dalbergia 

cumini,  DilUnia  pentagyna,  Cartya  a,bcrea,  Diospym  spp.,  Malktus  phhppemu. 

Ila.  Dendrocalamus  slrictus. 

III.  Gipadessafruticosa*,  Woodfordia  frulicosa,  Clerodendrum  viscosum,  Zizyphus  oenoplia. 

V  Combretum  decandrum,  Butea  superba,  B.  parviflora,  Bauhinia  vahln. 

NOTE.-In  the  undergrowth  evergreen  species  such  as  Canthium  dicoccum  and 
circinalis  etc.  are  also  found. 

(ii)  S.  Raipur  Division,  Madhya  Pradesh 

I.  Shorea  robusta*  (va),  Terminalia  tomentosa*  (f),  Pterocarpus  marsupmm  (f),  Anogets- 
sus  latifolia  (If),  Madhuca  indica  (o). 

II  Emblica  officinalis*,  Buchanania  langaa,  Diospyros  mclanoaylon.  Tcrmtnalu,  chebu  a, 
KysZtna.  Ougeinia  oojcincnsis.  BriMia  rctusa,  Banb.ma  rCusa. 
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fruticosa,  Embelia  arborea,  Ixora  tsjenam-cottam  (  ). 
tVb.  Thmeda  Impirata  cylindrica,  Thymmlaem  (1). 

V.  Bauhinia  vahlii,  Butea  superba,  Smilax  zeylanica. 

C^e(iii).  Moist  peninsular  valley  sal 

'TU-  c  hbvn-  occurs  on  dowmvash  from  crystalline  rocks  giving  a  deep  loam  soil 
This  subtype  occurs  on  aownwa  rn  r  TT  and  its  reeenerat  on  is  exccl- 

which  carries  a  moderate  shrub  growth.  Sal  is  of  Q..  C.  II,  and  its  regene 

lent.  The  characteristic  associates  are  : 


I.  Terminalia  tomentosa  (no  Dillenia  pentagyna). 

III.  Moghania  chappar,  Indigofera  pulchella. 

IVb.  Imperata  cylindrica,  Themeda  triandra. 
ILLUSTRATION.— CHAMPION  (igSS);  9- 

FLORISTICS.— 


(i)  Singhbhum  damp  valley  sal. — 

1.  Shorea  robusta*,  Terminalia  tomentosa*,  T.  bellerica,  Adina  cordifolia,  Pterocarpus 
marsupium  ,  Schleichera  oleosa,  Madhuca  indica. 

II.  Syzygium  cumini*,  Schleichera,  Ougeinia  oojcinensis. 

III.  Clerodendrum  viscosum  (a),  Moghania  chappar,  Indigofera  pulchella. 


IVb.  Imperata  cylindrica,  Themeda  triandra. 

V.  Bauhinia  vahlii,  Millettia  auriculafa,  Butea  superba,  Dioscorea  spp. 

(ii)  Saranda,  Bihar.  Preservation  Plot  No.  i ;  330  m. — 

I.  Shorea  robusta*,  Terminalia  tomentosa*,  Adina  cord  folia,  Mangifera  indica,  Syzy¬ 
gium  cumini*,  Alstonia  scholaris,  Dillenia  pentagyna,  Diospyros  peregrina,  Terminalia 
bellerica,  Lagerstroemia  parviflora,  Anogeissus  latifolia,  Schleichera  oleosa,  etc. 

II.  Aphanamixis  polystachya,  Protium  serratum,  Mallotus  philippensis ,  Miliusa  velutina, 
Ficus  s]ip.,  Callicarpa  arborea,  Careya  arborea,  Glochidion  lanceolarium,  Canthium  dicoc- 

^  cum,  Grewia  asiatica,  Heteropanax  fragrans,  Vitex  peduncularis,  Litsea  nitida,  Bridelia 
retusa,  Ougeinia  oojeinensis  and  many  others. 

Ila.  Cephalostachyum  pergracile  (o). 

III.  Ardisia  solanacea,  Clerodendrum  viscosum,  Desmodium  sp.,  Moghania  sp. 

IVb.  Thysanolaena  maxima. 

V.  Bauhinia  vahlii,  Millettia  auriculata,  Butea  superba,  Combretum  decandrum,  Uvaria 
hamiltoni.  Acacia  intsia. 


Note.  The  evergreen  species  occur  mostly  along  a  stream  flowing  through  the 
plot. 
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General  Note. —  MOONEY  (1938)  has  studied  in  detail  the  sal  forests  of  Singh- 
bhum  (Bihar)  and  upper  Orissa,  and  distinguished  various  floristic  associations.  He 
divides  the  Singhbhum  moist  sal  forests  into  the  following  ‘types’  and  notes  that  the  best 
sal  occurs  on  highly  ferruginous  soils. 

1.  High  level  plateau  sal  [Shorea-Bauhinia-Themeda)  on  flat  topped  hills  over 

800  m.  Bauhinia  retusa  most  characterstic.  [Subtype  C2e(i)]. 

2.  Moist  hill  sal  (Shorea-Wendlandia-Indigofera)  common  on  good  soils  except  on 

ultrabasic  rocks.  [Subtype  G2e(ii)]. 

3.  Valley  sal  [Shorea-Moghania-Imperaia)  on  ferruginous  loams  and  loamy  clays 

except  on  basic  rocks.  [Subtype  C2c(iii)]. 

4.  Damp  valley  sal  {Shorea-Polyalthia-Croton)  local,  Groton  oblongifolius  and  Imperata 

typical.  [Subtype  C2d(ii)  ]. 


DSi.  Moist  sal  savannah 


NOMENCLATURE. — Included  in  the  moist  sal  of  various  authors.  Sal  savannah. 


DESCRIPTION.— Open  sal  forest  with  heavy  grass.  The  sal  occurs  in  groups 
with  other  fire  hardy  species  of  the  earlier  seres  such  as  Lagerstroemia  parviflora,  Lannea  coro- 
m'lndelica,  Wrightia  tomentosa,  Emblica  officinalis,  Adina  cordifolia  and  Salmalia  scattered  usually 
singly.  The  grasses  include  Themeda  arundinacea,  Imperata  cylindrica,  Cymbopogon  nardus, 
Enanthus  arundinaceus,  Desmostachya  bipinnata  etc. 

DISTRIBUTION. —  Throughout  the  Gangetic  plains  including  L.  Brahmaputra 
Valley. 

locality  factors. —  Those  of  the  moist  sal  subject  to  annual  heavy  grass  fires, 
and  frequently  to  frost. 

ILLUSTRATIONS.— TROUP;  Figs.  21,  26. 


FLORISTICS.— 

Kam'-up,  Assam  {High  level  savannah).  (JACOB)— 

1.  Shorea  robusta*,  Garcya  arborsa,  Emblica  officinalis*,  Wrightia  tomentosa*. 


1 1.  Z^zyphus,  Randia. 

IVa.  Premna  herbacea,  Grewia  sapida  (In  the  rainy  season  Leea  robusta.  Curcuma  spp.). 
IVb.  Imperata  cylindrica  (dominant),  Themeda  arundinacea,  Cymbopogon  nardus,  Apluda. 
rpMFUAL  Note —The  type  has  usually  come  into  existence  in  old  village  clearings 
i.  sal  forest  but  is 

i,  often  a  de'nse  crop  of  M,caranga  which  kills  on.  the  grass  and  .n 
turn  gives  way  to  high  forest. 
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C3.  Moist  mixed  deciduous  forest 
C3a.  West  Gangetic  moist  mixed  deciduous  forest 

NOMENCLATURE— Mixed  deciduous  forest  (Working  Plans).  Bauhima  forest 
(KENOYER). 

DESCRIPTION. — Cosed  forest  of  medium  to  good  height  including  a  number  of 
dominant  species  intimately  mixed  and  a  good  many  second  storey  trees  including  some 
evergreens.  Climbers  are  heavy  and  the  undergrowth  is  usually  shrubby  with  little  or 
no  grass,  except  during  the  monsoon  when  a  luxuriant  herbaceous  growth  appears. 

DISTRIBUTION.—  Scattered  freely  through  the  hilly  tracts  occupied  by  the  moist 
sal  type  and  more  locally  in  the  plains. 

LOCALITY  FACTORS.—  In  the  hills  the  very  varying  drainage  and  moisture 
retention  conditions  apparently  include  many  combinations  to  which  sal  is  not  so  well 
adapted  as  to  be  able  to  oust  all  competitors ;  details  are  not  available  but  the  sites  occupied 
appear  to  cover  the  whole  range  of  moisture  conditions  under  which  sal  occurs,  but  are 
most  extensive  in  the  poorer  and  drier  parts. 


ILLUSTRATION.— Plate  26. 
FLORISTICS.— 


(i)  Siwalik  hills,  Haldwani  Division,  Uttar  Pradesh. — 

I.  Albizzia  procera*,  Adina  cordifolia*,  Terminalia  tewentosa*,  T.  bellerica,  Cedrela 
toona,  Garuga  pinnata. 

11.  Mallotus  philippensis,  Ougeinia  oojeinensis,  Emblica  officinalis. 

Ila.  Dendrocalamus  strictus  (b). 

III.  Adhatoda  vasica,  Clerodtndrum  viscosum,  Colebrookia  oppositifolia. 

IV.  Bauhinia  vahlii. 

Note.— The  sites  occupied  are  often  terraces  where  the  type  is  probably  serai,  but 
sheltered  slopes  which  remain  fairly  cool  and  moist  or  where  there  is  a  subsoil  water  supply 
carry  a  similar  type.  The  ecological  status  requires  study  in  each  case. 

KENOYER's  Bauhinia  forest  characterised  by  the  prevalence  of  Bauhinia  Musa, 

fheTZ'"  ®  ^  ™ 


(ii)  Gorakhpur  Division,  Uttar  Pradesh  (Plains)  — 


I.  Adina  cordffolia*,  Term'.nalia 
toona,  Lannea  coromzndslica, 
Dalbergia  sissoo. 


tomentosa*,  T.  bellerica,  Salmalia  malabarica,  Cedrela 
Trewia  nudijlora*,  Mitragyna  parvifolia.  Ficus  spp., 


U.  Lagerstroemia  parviflora,  Syzygium  cumini,  Mallotus  philippensis,  Grewia  spp. 
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III.  Clerodendrum  viscosum  etc. 


Note. — In  moister  places  especially  on  higher  riverain  alluvium  Trcwia,  Putranjiva, 
Aphanamlxis  polystachya,  Bischofia,  Alangium  salvifolium  also  occur  (cf.  type  4C/FS2,  p.l67). 

(iii)  Singhbhum,  Bihar.  (Type  IX — Terminalia-Mallotus-Combretum  :  MOONEY). — 

I.  Salmalia  malabarica*,  Adina  cordifolia*,  Bridelia  retusa,  Dillenia  pentagyna*, 
Terminalia  tommtosa*,  Hymenodictyon  excelsum,  etc. 

II.  Kydia  calycina,  Mallotus  philippensis,  Polyalthia  cerasoides,  Micromelum  pubescens, 
Alangium  lamarckii. 

I  la.  Dendrocalamus  strictus,  Cephalostachyum  pergracile. 

III.  Moghania  spp.,  Cipadessa  fruticosa,  Petalidium  barlerioides,Colebrookia  oppositifolia, 
Flueggea  obovata. 

IVa.  Ruellia  beddomei,  Daedalacanthus  nervosus,  Barleria  strigosa,  Lepidagathis  fascicula- 
tus,  Pogostemon  plectranthoides,  Curcuma  amada,  Z^njiber  capilatum,  Costus  speciosus, 
Ferns. 


IVb.  Oplismenus  composilus,  Polytoca  barbata. 

V.  Combretum  decandrum,  JIaravelia  z^ylanica,  U varia  hamilfonii,  Atylosia  crassa,  Mucuna 
prurita,  Mezoncuron  cucullatum,  Dioscorea  spp. 

(iv)  Madhya  Pradesh  (General  form) — 

I.  Terminalia  tomentosa*,  Pterocarpus  marsupium,  Lagerstroemia  parviflora,  Anogeissus 
latifolia,  Salmalia  malabarica,  Adina  cordifolia*,  Terminalia  chebula,  Diospyros  tomen¬ 
tosa,  Terminalia  bellerica,  Schleichera  oleosa,  Soymida  febrifuga,  Stcreospermum  per- 
sonatum,  Bauhinia  retusa,  Madhuca  indica,  Schrebera  swieteniotdes,  Lannea  coroman- 
delica,  Mitragyna  parvifolia,  Terminalia  arjuna  (along  streams),  Shorea  robusta 

(o). 

II  Ougeinia  oojeinensis.  Cassia  fistula,  Kydia  calycina,  Bauhinia  racemosa,  Emblica  offi¬ 
cinalis,  Bauhinia  variegata,  Aegle  marmelos,  Grewia  tiliaefolia,  Eriolaena  hookeriana, 
Bridelia  retusa,  Casearia  spp.,  Cleistanthus  collinus.  Gardenia  turgida,  G.  laUfolia, 
Holarrhena  antidysenterica,  Garuga  pinnata,  Monnda  exserta,  Buchananta  lanzan, 
Wendlandia  exserta,  Butea  monosperma. 

I  la.  Dendrocalamus  strictus. 

III.  HdicUres  ima,  CMrookia  cppo,ilifilia.  PMlidium  bn,k,M.s.  Pogoslmm  pla- 
tranthoides,  Moghania,  Embelia,  Strobilanthes  spp. 

V.  Bauhinia  vahlii. 

NoTE.-Thi,  type  is  practically  the  same  whether 

t;:°cHrai„  .he  sal  tract  hut  .o  uot  carry 
sal  nor  have  Terminalia  tomentosa  predominant. 


Sub-type  ‘^C/C[]b 
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F.COLOGICAL  STATUS. — Most  of  the  morJeratcly  moist  mixctl  deciduous  foicst 
in  which  sal  is  scarce  or  absent  appears  to  be  only  serai  in  status  and  the  indications  aic 
that  once  the  prosfression  has  reached  a  point  at  wiiich  sal  can  obtain  a  looting,  it  relativ  ely 
quickly  establishes  its  dominance  and  characterises  the  climax  formation.  The  appa¬ 
rently  stable  occurrences  in  more  mesophytic  habitats  can  usually  be  associated  with 
special  sites  and  can  be  considered  as  cdaphic  variations  on  the  climax  or  as  post-climax 
communities. 

In  these  mixed  forests  areas  can  be  found  in  some  part  of  the  range  where  an  individual 
species,  for  whatever  reason,occurs  as  more  or  less  the  sole  dominant,!  Aj/ifl,  Pterocarfus 
marsupium,  etc. 


C3b.  East  Himalayan  moist  mixed  deciduous  forest 


This  type  is  constituted  to  include  the  deciduous  forests  occupying  well  drained 
soils  on  the  bkabar  terraces  and  plateaux  of  the  outer  Himalayan  ranges  upto  500 — 650 
m.  in  the  heavy  rainfall  zone  of  the  E.  Himalayas. 

NOMENCLATURE. — Dry  mixed  forest  (Working  Plans). 

DESCRIPTION.— A  tall  more  or  less  closed  forest  in  which  the  individual  trees 
often  run  to  large  size.  Species  usually  well  mi.xed  by  small  groups.  There  is  abundant 
underwood  and  shrubby  undergrowth  without  grass  unless  burnt.  With  burning,  grass 
may  become  heavy  though  coarse  tufted  species  are  absent. 

DISTRIBUTION. — Foot  of  the  Himalaya  in  Bengal  and  Assam. 

LOCALITY  FACTORS.— A  high  rainhill  over  2,500  mm.  and  often  nearer  5,000 
mm.,  short  dry  season  but  a  porous  very  effectively  drained  soil.  No  frost. 

FLORISTICS.— 


(i)  U.  Bhabar  tract,  JY.  Bengal  (Dry  mixed  forest  of  Working  Plans) _ 

I.  Us,rs„cmm  pa,mfi„a<-  (va),  Teminalia  bdlerica*  (f),  Sicculh  vUlo,a  (a),  Salmalia 
malabartca  (f),  Schima  wallichii  (f).  '  ^  oaimana 

11.  Careya  arborea,  Bauhinia  purpurea,  Amoora  spp. 

Note.— Once  again,  it  is  by  no  means  certain  that  this  is  not  a  senl 
Sion  being  slow  on  the  intensively  drained  soils  occupied.  '  '  ^  ’  succes- 

(ii)  Linear  Sample  Plots  No.  2  and  5,  Buxa  Division— 

1.  Termnaha  bellerica*  (5-6%),  Aphanamixis  polystachya*  (S-t;®/)  '^terru]'  n 

/o),  Stereospermum  personalum  (-i-io/)  Cedrfln  t  ^  villosa 

(^■4%),  L,s„,,ro.mia  pa,oij,oj  1  •/  '  mla7, 
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II.  Litsea  monopctala  (14-0%),  Premna  integrifolia  (11-5%),  Mallotus  philippensis 

(8-6%),  Wrightia  tomentosa  (5-2%),  Machilus  sp.  (4 -7%),  Callicarpa  arborea 
(4‘0%)j  Gareya  arborea  (2-1%),  Oroxylum  indicum  (1-9%),  Eurya  sp.  (1-9%) 
(Plot  Records). 

Note. — I’his  constitution  suggests  that  part  of  the  line  at  least  runs  through  secon¬ 
dary  forest  but  this  probability  has  not  been  followed  up. 

(iii)  Plateau  forests,  Buxa  Division  {“Plateau  type'’  of  Working  Plans) — 

I.  Schima  wallichii*  (va),  Cedrela  toona,  Duabanga  sonneratioides,  Tetrameles  nudijlora, 
Lagerstroemia  parviflora,  Sterculia  villosa. 

Note. — This  form  is  related  to  the  Upper  Bhabar  (or  Bainba)  sal;  it  includes  very 
few  evergreens,  a  feature  probably  connected  with  past  burning. 

(iv)  Linear  Sample  Plot  Pfo.  7,  Khairbari,  W.  Bengal — 

I.  Dillenia  pentagyna,  Sterculia  villosa,  Lagerstroemia  parviflora,  Bischofia,  Gareya, 
Salmalia. 

II.  Litsea  monnpetala,  Syzygium  cumini,  Meliosma  simplicifolia,  Premna,  Mallotus, 
Wrightia,  Gallicarpa  arborea,  Grataeva  unilocularis. 

III.  Laportea  crenulata,  etc. 


2S1.  Northern  secondary  moist  mixed  deciduous  forest 


DISTRIBUTION. — In  the  regions  of  higher  rainfall  corresponding  to  semi-ever¬ 
green  and  occasionally  evergreen  forest  in  Bengal,  Assam  and  Orissa,  less  frequently  or 
recognisably  in  the  moist  deciduous  tract  itself. 

DESCRIPTION.— Generally  similar  to  the  climax  type  but  recognisable  by  the 
absence  of  old  trees  apart  from  occasional  specimens  left  for  shade,  fruit  or  other  purposes 
(figs,  mango,  etc.).  Other  species  characteristic  of  secondary  growth  may  persist  though 

thev  are  mostly  short  lived  and  soon  lost. 


T  OG\LITY  FACTORS.— Climate  mostly  that  of  the  semi-evergreen  type.  The 

original  forest  has  been  destroyed,  usually  by  clear-felling  '"f 

pemanent  cultivation,  which  has  later  been  more  or  less  completely  abandoned  and 

verted  to  forest  under  varying  conditions. 


fy)  Dhuanali,  etc.,  Puri  Division,  Orissa  (moist  mixed  forests  of  the  VNorking 

^  I.  Mangifera  indica*  (E),  Anthocephalus  cadamba,  Alstonia 

pentagyna,  Schleichera  oleosa,  Terminalta  tomentosa,  Prottum  ser 

posita,  Bridelia  retusa.  ,  ,  „ 

II  Miliusa  velutina,  Glochidion  lanceolarium,  Gareya  arborea,  pzyp  us  gaerrim  , 
Polyalthia  cerasoides,  Strychonos  potatorum,  Mallotus  phihppensis, 

lla»  Bambusa  arundinacea. 
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III.  Glycounis  penlapliylla,  Psychotria  adenophylla,  Phyllochlamys  spinosa,  Maba  buxi- 
folia,  Strobilanthes  scaber. 

IV.  Combretum  decandrum,  Bauhinia  vahlii. 

Note. _ The  general  evenaged  appearance  and  the  prevalence  of  big  low'  branched 

mangoes  indicate  a  former  clearing  beyond  doubt.  With  fire  protection,  an  evergreen 
undergrowth  is  rapidly  developing.  This  forest  is  being  successfully  brought  under  teak 
plantations. 

General  Note. — For  practical  purposes,  secondary  moist  deciduous  forest 
replacing  primary  forest  of  the  same  type  need  not  be  differentiated.  As  noted,  almost 
all  the  primary  forest  has  been  fundamentally  influenced  by  human  activities  and  only 
in  the  case  of  complete  destruction  is  a  marked  difference  likely  to  result,  dree  growth 
is  liable  to  be  extremely  slow  in  getting  re-established. 

MOONEY  (1938)  states  that  in  Singhbhum  recolonisation  starts  very  slowly 
IVoodfordia  fruticosa,  IVendlandia  tinctoria,  Gardenia  gummifera  and  Phoenix  acaulis  are  the 
first  to  colonise.  After  protection,  Imperata  usually  comes  in  followed  by  Moghania  chappar, 
Randia  dumetorum  etc.  and  finally  sal. 


282.  (Secondary  Euphorbiaceous  scrub) 

ILLUSTRATION.— Plate  27. 

This  type  is  described  on  page  146  (General  Note). 

GENERAL  EDAPHIC  AND  SeRAL  TYPES  OF  MOIST  DECIDUOUS  FORESTS 
3/Ei.  Terminalia  tomentosa  forest 

NOMENCLATURE. — The  name  is  taken  from  the  marked  predominance  of  Ter¬ 
minalia  tomentosa,  but  this  species  occurs  and  may  even  predominate  locally  under  a 
wide  range  of  conditions  in  most  forms  of  deciduous  forest. 

DESCRIPTION.— Typically  closed  forest  of  good  height  and  development  with  a 
ower  storey  tree  canopy  of  smaller  tiees  and  a  shrubby  unilergrowth  which  (if  not  burn) 
has  little  grass  except  in  water  logged  openings. 

distribution.— Throughout  the  sal  region  on  heavy  or  wet  soils  and  so  usual¬ 
ly  m  valleys  and  hollows  and  on  clayey  alluvial  patches. 

LOCALITY  FAGTORS.-The  heavy  .soil  is  characteristic.  In  this  moist  deci¬ 
duous  type  the  sod  IS  moisture  retentive  and  good  growth  is  usual,  in  contrast  wTth 
adjoining  dry  deciduous  types  in  which  also  Terminalia  tomentosa  may  predominate  (C 
p.  201.)  From  the  sites  occupied,  frost  is  fairly  frequent.  ^ 

ILLUSTRATIONS.-TROUP;  Figs.  197-200. 

FLORISTICS.— 

(il  Gorakhpur,  U.  P. _ 

I.  Terminalia  Shor.a  robuela  („),  Salmalta  malabarica. 

n.  Sy^vgium  cumini,  Mallotus  philippensis. 

III.  Clerodendrum  viscosnm. 
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(ii)  Singhbhum,  Bihar — 

I.  Terminalia  tomentosa*,  T.  hellcrica,  T.  arjuna  (by  water  side  only),  S/iorca  rohusln 
(singly  of  large  size),  Salmalia  malabarica,  Sterculia  villosa. 

II.  Alai  lotus  philippensis. 

III.  Clerodendrum  viscosum,  Moghania  spp.,  Ardisia  solanacea. 

(iii)  Sitanadi,  S.  Raipur  Division,  M.  P. — 

I.  Terminalia  tomentosa*,  T.  bellerica,  T.  arjuna  (by  water  side  onh) ,  Mitragyna  par- 
vifolia,  Adina  cordifolia,  Pterocarpus  marsupium,  Schleichera  oleosa,  Syeygium  cumini, 
Garuga  pinnata,  Grewia  tiliaefolia,  Dalbergia  paniculate. 

IT.  Ougeinia  oojeinensis,  Syzvgium  cumini,  Cleis  fan  thus  collinus. 

III.  Shrub  growth. 

IVb.  No  grass. 

V.  Bauhinia  vahlii,  Butea  superba. 

Note. — This  type  .should  be  serai  but  from  the  sites  occupied  in  narrow  valleys, 
among  the  hills,  forms  at  least  a  very  stable  sub-climax.  Compare  however,  TROUP, 
p.  515. 

3/iSi.  Low  alluvial  savannah  woodland  (Salmalia-Albizzia; 

NOMENCIATURE. — High  savannah,  Salmalia- Albizzia  1)^6  (RAJKHOWA). 

Bombax-Albizzia-Leigerstrocmia  hylis  (BOR). 

Riverain  deciduous  forest  (WORKING  PLANS). 

DESCRIPTION. — This  is  the  most  extensively  occurring  tall  grass  savannah  f n  est 
type  of  India.  Scattered  trees  of  the  early  seres  of  the  normal  succession  on  new  ri¬ 
verain  soils,  almost  entirely  restricted  to  fire  hardy  species,  often  of  quite  good  height 
growth  (poorer  on  the  heavier  soils'!  standing  over  very  dense  tall  grass  growth  in  which 
Themeda,  Erianthus  and  Saccharum  are  characteristic  genera.  There  are  also  patches 
office  hardy  shrubs  such  as  ^iz'^phus  mauratiana. 

DISTRIBUnON.— Throughout  the  Gangetic  plains  including  the  Brahmaputra 
valley. 

LOCALITY  FACTORS.— The  type  is  met  with  on  the  more  stable  riverain  flats 
which  tend  to  be  flooded  during  the  rainy  season  but  which  dry  out  during  the  rest  of 
the  year,  the  subsoil  water  level  sinking  to  2-4  m.  or  sometimes  much  more.  The  soil 
is  alluvial,  mainly  sandy  but  with  local  clay  patches  particularly  in  depressions  marking 
old  channels  which  have  become  blocked  and  silted  up;  such  depressions  often  carry  a 
different  type.  There  is  usually  a  thin  surface  layer  of  loam  soil  with  more  or  less  humus. 
Frost  is  not  uncommon  particularly  in  lowlying  areas.  Fires  usually  sweep  through  an¬ 
nually  and  under  forest  management  are  generally  set  early  in  the  year  as  a  protection 
measure  for  the  adjoining  more  valuable  forests,  ^nd  to  minimise  damage  done  to  trees 

standing  in  the  grass. 


Type  s/iSi 

ILLUSTRATION.— SMYTHIES  1921;  PI.  VI. 
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FLORISTICS.— 

(i)  jVorth  Kheri  Division,  Uttar  Pradesh — 

1.  Salmalia  malabarica* ,  Adina  cordifolia*,  Butea  monosperma,  Dalbergia  sissoo,  {Ficus 
glomcrata,  Trewia  nudiflora,  Acacia  catechu). 

IT  Syzvgium  cerasoideum,  Randia  uliginosa,  {Schleicher a  oleosa,  Syzygium  cumini). 

Note. — Tlie  species  in  brackets  are  met  with  in  low  alluvium.  On  the  edges  of  wet 
aepresiions  Syz-ogium  cumini,  Trewia  nudiflora,  Futranjiva  roxburghii,  ficus  glomerata,  Terminalia 
arjuna,  Celtis  also  occur. 


( i  i )  B engal  Duars — 

1.  Salmalia  malabarica*,  Albizzia  procera*,  Dillenia  pcntagyna,  Terminalia  bellerica 
Gmelina  arhorea.  ’ 

II.  Syzygium  cerasoideum,  Careya  arborea,  Sterculia  villcsa,  Callicarpa  arborea. 

III.  ^izyphus  mauratiana. 

Ilia.  p,oc,,u,n  Enmlkus  .p,.  Tfem,*  Sacchcun,  sponlancum 

C.  m,dm,  AnmJmlla  tnl-’cala,  Phragmites  maxima  (wet  ground). 

arriv, , is,  whilst  uZaT  t 

The  deciduous  trees  nrevente  f  n^  „  ^^^^^^  “^^^^  damp  places. 

Shorea  exists  in  the  vicinity  its  spread  is  ^  become  established  and  if 

in  the  western.  ^  ^  ^  of  the  range  than 

(ni)  Jaldapara  Sanctuary,  Gooch  Behar  Division,  Bengal— 

'^<^^'>^alia*  {o)^  Albizzia  procera*  {o)  Bischofin  (f\  4 

tndica  (f),  Trewia  (If).  (la),  Dillenia 

IVb.  Grasses  very  dense  4-r  m  h'  i  c 

thus  arundinaceus,Phragmi'tes*\l^),  ZlmT'' TiT'7'*^^^'  Erian^ 

phyrocoma  Imperata  (la),  Themeda  arundimce^Uei)  7^77  por- 

■er  species.  unainacea  (la),  T.  vilhsa  and  many  smal- 

^  fiv)  Naduar  Reserve,  Assam  (RAJKHOWA)- 


m.  SaBnalia*  {20/^),  Albizzia  procera  *{^0/ ,  a  I  '4 

Cordia  diehotomn  f8o/„),  nUknia  ind-ca  (w\  (5^/,), 

Percentfi  Jr 

S-  of  trees  over  3  ft,  girth  2/0),  Trewia  nudiflora  (4*)/  ) 
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3/182.  Eastern  bollock  forest  (Terminalia  myriocarpa) 
iS2(a).  Terminalia — Lagerstroemia 

NOM  ENGL  ATU  RE .  — 

Assam. — Lagerstroemia-Terminalia  association  (ROWBOTHAM) , 

Duabanga-Pterospermum-Termmalia  association  (in  part).  (ROVVNTREE). 
High  level  riverain  {Terminalia  myriocarpa)  (RAJKHOWA). 

DISTRIBUTION. — Ox  the  young  alluvium  of  the  larger  rivers  especially  in  Upper 
Assam. 

DESCRIPTION. — An  irregular  forest  in  which  T.  myriocarpa  and/or  Lagerstroemia 
speciosa  usually  predominate  being  more  or  less  deciduous,  with  a  predominantly  ever¬ 
green  underwood.  Often  there  is  heavy  grass. 

LOC.ALITY  FACTORS. — Most  of  the  area  occupied  receives  a  rainfall  of  1,500 
mm.  or  more,  but  the  type  is  probably  mainly  dependent  on  sub-soil  water.  The  soil 
is  typically  light;  it  may  be  silty  but  is  rarely  clayey.  It  is  liable  to  erosion,  flooding  and 
silt  deposition  but  is  well  drained. 

ILLUSTRATION.— Plate  28. 

FLORISTIGS.— 

I/II.  Terminalia  myriocarpa*  (1.2%),  Pterospsrmum  acerifolium*  (7^%),  Duabanga 
Vatica  lanceaefolia  Vitex  pedmcularis  (3^%),  Elaeocarpus  rugosus 

(3%),  Ailanthus  grandis  (3%),  Crataeva  spp.  (1%),  (RAJKHOWA), 

Ecological  Note.— When  present,  the  grass  readers  the  forest  liable  to  fire 
damage,  checking  further  development.  With  protection,  it  proceeds  through  the  next 
type  towards  the  local  climax.  The  succession  may  however  be  thrown  back  by  erosion 

or  deep  silt  deposition. 

iSz'b).  Terminalia — Duabanga 

nomenclature- 

—Duabanga-Pterofpermum-  Terminalia  { ROWxNTREEl . 

High  level  riverain  {Terminalia  myriocarpa)  in  part.  (RAJKHOWA). 

description. — This  type  is  a  later  stage  of  the  preceding  in  which  the  ever¬ 
green  trees  have  successfully  invaded,  contributing  to  the  dominant  canopy  and  forming 
a  fairly  comp’ete  second  storey. 

distribution. — In  the  sub-Himalayan  tracts  of  Assam  and  Bengal  extending 
south  of  the  Brahmaputra  to  the  foot-hills  of  the  Naga  and  Patkoi  hills. 

locality  factors.— As  for  iS2(a). 

ILLUSTRATIONS.-BOR  (1938);  Pl‘'‘tes  15  and  16. 
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Plate  28 


Hollock  has  colonised  an 


EASTERN  HOLLOCK  FOREST 


7  FRI&C/64  1 
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LITTORAL  FOREST 

Manilkara  littoralis  and  Calophyllum  inopbyllum;  Sample  Plot,  Kauriaghat,  South  Andamans.  H.  G.  Champion 


Sub-Tvpe  3!iSa{b)lType  \AILi 
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FLORISTICS.— 

(i)  Pasighat,  Sadiya  Division,  Assam  (PURKAYASTHA)— 

Terminalia  myriocarpa*  ^2%),  Pterospermum  {‘]\%),  Duabanga*  {^%),  Vatic  a  lan- 
ceaefolia  (4%),  Vitex  peduncularis  (3%),  Elaeocarpus  rugosus  (3%),  Ailanthus  gran- 

dis  (3%). 

Percentages  refer  to  trees  over  3'  g.b.h. 

(il)  Bhoreli  Reserve,  Assam  (BOR) . — 

I.  Terminalia  myriocarpa* ,  Pterospermum,  Duabanga* ,  Plerygota  alata,  Salmalia,  Chu- 

krassia,  Garuga,  Morus  laevigata. 

II.  Albizzia  lucida,  Dillenia  indica,  Lilsea  khasyana,  Syzygim  oblatum,  Turpinia,  Talau- 

ma,  etc. 

III.  Allophylus  cobbe,  Strobilanthes  coloratus. 

V.  Calamus  tenuis,  Entada,  Schefflera,  Ficus  spp. 


2S1.  (Dry  bamboo  brakes) 

This  is  described  under  ^/Eg,  page  220. 

GROUP  4.  LITTORAL  AND  SWAMP  FORESTS 
Sub-group  4A.  Littoral  Forests 
Li.  Littoral  forest 

NOMENCLATURE. — The  terms  beach  and  dune  forest  are  in  general  use. 

DESCRIPTION. — The  most  characteristic  species  is  the  tall  evei green  but  very 
light  foliaged  Casuarina  which  often  forms  an  almost  pure  fringe  on  sandy  beaches  and 
dunes  along  the  sea  face;  in  the  Andamans  Manilkara  littoralis  takes  its  place.  Scattered 
smaller  evergreen  trees  occur  with  fewer  deciduous  trees  and  these  in  the  absence  of 
Casuarina  form  the  dominant  canopy.  'There  are  numerous  shrubs,  and  where  the  under¬ 
growth  is  light,  maritime  grasses  {Spinifex,  etc.)  and  surface  creepers  arc  conspicuous, 
binding  the  sand.  In  the  depressions  (which  are  swampy  usually  with  saline  water), 
the  tidal  species  are  poorly  developed  with  a  dense  under-growth  ;  if  the  water  is  fresher 
tall  grasses  {Phragmites)  occur. 


DIS  TRIBUTION.— All  round  the  coast  wherever  a  fair  width  of  sandv  beach  occurs 
including  sandy  bars  on  the  sea  face  of  the  river  deltas. 

LOCALITY  FAGTORS.--The  habitat  is  an  exposed  one  with  pronounced 
characteustics.  The  soil  is  sea  sand  often  blown  and  accumulating  in  low  dunes,  with 
adequate  lime  from  shell  fragments  but  poor  in  nitrogen  and  mineral  nutrients.  It  is 
very  coarse,  porous,  and  dry  at  the  surface,  but  the  water  table  is  usually  only  a  few  feet 

"2’:  .or rotr:'!-: 

J  >  iinuciicc  is  mainly  seen  in  the  r3.te  at  whirVi  r 

mation  progresses  towards  the  climate  climax  Th.  T  ^ate  at  which  the  for- 

tropics.  imate  Climax.  The  Indian  coast  line  all  lies  within  the 
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Temperature. —No  data  are  available  from  within  the  littoral  forest  but  the  four 
stations  selected  are  in  the  near  vicinity  and  except  Madras  are  only  a  few  metres  abose 
sea  level. 


Temperature  {centigrade) 
Littoral  Forests 


Orissa 

Madras 

Madras 

Mysore 

PURI 

MADRAS 

TUTI  GORIN 

KARWAR 

Month 

6  m. 

20  in. 

4  m. 

4  m. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

January 

. 

22*2 

26'  7 

i7’6 

24. 6 

29'6 

19-5 

25-1 

27-7 

22-3 

25-8 

31-8 

'9'7 

February 

• 

24-4 

28-3 

20’ 6 

25-8 

3f3 

20*2 

25*7 

28-2 

23- 1 

25-5 

30-6 

20-3 

March 

27-9 

30-2 

25-6 

27-7 

33-0 

22*4 

27- 1 

29-6 

24-7 

26-  7 

30-9 

22*4 

April 

28-  6 

30-9 

26’  2 

3U‘4 

35-3 

23-6 

3i‘4 

37-  > 

25-7 

27-8 

3f3 

24-4 

May 

29-6 

32-0 

27-3 

33- ' 

38-5 

27-6 

3U’5 

34' 5 

26-  4 

28-  7 

3>-4 

25-9 

June 

29-4 

3>-7 

27*2 

32-4 

37-6 

27-3 

31-0 

35-4 

26-6 

26-2 

28-3 

24*0 

July 

28-7 

30-7 

26'  7 

31-0 

35-7 

26-3 

30-3 

34- > 

26-6 

25-8 

27-7 

24*0 

August  . 

28-  7 

3U’9 

26 ’4 

30-4 

34-9 

25-8 

30-3 

34’ 2 

26'4 

25-6 

27-4 

23-8 

September 

29-0 

3f4 

26-5 

29-8 

34-4 

25- 1 

29-3 

32-9 

25-8 

26.4 

28-9 

23-9 

October  . 

27-9 

30-8 

25-0 

28’  I 

32-3 

23'9 

29- 1 

32-8 

25-3 

26-  7 

29-6 

23-8 

November 

24’ 9 

29-2 

20-  7 

25' 9 

29-7 

22*2 

26'  7 

29-7 

23-6 

25’ 4 

31-1 

«9‘7 

December 

21-9 

26-9 

16-9 

24-7 

28-9 

20-5 

24-4 

27-4 

21-5 

25-2 

31-3 

19- « 

M.  A.  T. 

26-9 

28-7 

28-4 

26-3 

Annual  mean 

maximum 

30-4 

33-4 

3'-9 

.  . 

30-0 

•• 

Highest  record  . 

39-4 

45-0 

? 

•• 

? 

Annual  mean 
minimum 

23-9 

.. 

23-9 

.  , 

24' 8 

22‘6 

Lowest  record  . 

i0'6 

i3'9 

? 

••  ' 

7 

No.  of  years 

5‘' 

60 

upto 

1955 

upto 

1955 

Type  /^AjLi 
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Rain/. ill.— M  precipitation  is  in  lu  way  a  limiting  factor  for  this  type,  a  wide  range 
of  rainfall  is  found  as  shown  in  the  appended  table. 

Rainfall  {millimetres) 

Littoral  Forests 


Month 

Orissa 

PURI 

6  m. 

Madras 

MADRAS 

20  m. 

1 

Madras 

TUTI- 

CORIN 

4  m. 

Mysore  | 
KARWAR' 

4  lu-  1 

Gujarat 

POR- 

BUNDAR 

5 

January  ....... 

12 

36 

26 

, 

3 

February  ....... 

27 

10 

23 

I 

3 

MarcJi  ....... 

17 

7 

29 

0 

2 

April . 

18 

16 

43 

12 

.  . 

May  ....... 

71 

26 

21 

86 

5 

June  ....... 

208 

47 

5 

951 

113 

July . 

300 

91 

4 

944 

210 

August  ....... 

301 

116 

6 

542 

95 

September  ...... 

248 

119 

16 

276 

31 

October  ••.... 

169 

306 

141 

147 

7 

November  ..... 

63 

355 

183 

42 

8 

December.  ..... 

5 

138 

85 

6 

3 

Total  for  year  (M.A.R.)  .... 

1.438 

1,268 

582 

3,co6 

479 

No.  of  rainy  days 

67 

57 

29 

104 

24 

No.  of  months  with  less  than  50  mm. 

5 

6 

9 

9 

M.  Humidity 

78 

72 

1  Gg 

80 

p 

iNo.  ol  years 

FT  r  .TT<imD  A'rirsAT  r., 

50 

Go 

71 

57 

P 

ILLUSTRATION.-Plate  29 


FLORISTICS.— (CHENGAPPA). 

(i)  Andamans — • 

I.  Manilkara  lifloralis.* 

varieoata  var.  orienlalis,Calophyllum 
m  naiia  calappa,  Barnngtoma  asiatica,  Cordia  snbcordala. 
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Ilia.  Thespesia  populnea,  Hibiscus  tiliaceus,  Pandanus  tectorius. 

IVa.  Ipomoeapes-caprae,  Crinum  asiaticum,  Vigna  retusa,  Scaevolafrutescens. 
V.  Mucuna  gigantea,  Colubrina  asiatica,  Caesalpinia  bonduc. 


ren-  ^  o  ‘  Scaevolafrutescens  or  a  fringe  o(  Hibiscus  tilia- 

dium  umbellatum,  Mucuna  gigantea,  Clerodendrum  inerme  and  less  frequently  Dalbergia  tamarin- 
_  ifolia  ,  again  there  may  be  only  Pandanus  tectorius  thickets.  Above  the  beaches,  the  twin¬ 
ing  Ipomoeapes-caprae  ,  Vigna  retusa,  Clitoria  lernata  may  occur.  On  the  west  coast,  Tourne- 
Jortia  argentea,  Pemphis  acidula,  Sophora  tomaitosa  arc  also  seen. 


Behind  the  shrubs,  in  ciddition  to  species  noted  in  the  description,  Guettarda  speciosa, 
Ixora  briinmscens,  Cycas  rumphii,  Hernandia  pdtata,  Heritiera  littora'is  and  Gyrocaipus  jacquinii 

may  also  occur  (after  PARKINSON!. 


(ii)  Great  jVicobar  Islands.  (SAHNI  j — ^ 

I.  Casual ina  equisetifolia* ,  Calophyllum  inophyllum,  Terminalia  catappa. 

II.  Barringtonia  asiatica,  Eythrina  variegata,  Guettarda  speciosa,  Pongamia  pinnala, 
Heritiera  littoralis,  Cerbera  manghas,  Oclirosia  oppositifolia. 

III.  Lxora  spp.,  Cycas  rumphii. 

Epi.  Asplenium  nidus,  Dendrobium  spp.,  Bulbnphyllum  spp. 

(iii  )  Sunderbans,  Bengal — 

I/I  I.  Hibiscus  tiliaceus*,  Thespesia  populnea*,  Erythrina  variegata,  Ixora  arborea,  Vitex 
negundo,  V.  trifolia,  Trewia  nudiflora,  Dolichandrone  spathacea,  Tamarix  troupii. 

III.  Acanthus  ilicifolius* ,  Crotalaria  spp.,  Lippia  geminata,  Oryza  coarctata,  Saccharum 
spontaneum. 


General  Note. — Apart  from  the  deltas,  the  t\pe  is  very  stable,  only  the  flora 
described  being  able  to  persist  in  the  loose  blown  sand,  but  where  accretion  is  taking  place 
the  sand  may  get  fixed,  acquiring  some  humus  and  becoming  more  loamy,  and  hardy 
colonists  of  the  adjoining  floras  come  in.  Borassus  and  Phoenix  arc  often  to  be  seen  behind 
the  recently  fixed  dunes  in  the  drier  regions  whilst  coconut  is  planted  in  the  moister 
climates. 


Sub-group  4B.  Tidal  Swamp  Forests 

GENERAL  DESCRIPTION.— Tidal  forests  vary  so  much  in  such  short  distances 
that  a  genera!  description  is  difficult.  The  finest  forest  is  found  on  ground  which  is 
flooded  at  every  high  tide  with  only  moderately  brackish  water,  and  is  an  evergreen 
closed  high  forest  30  m.  or  more  in  height  of  Heritiera  or  less  comm  mly  Bruguiera.  There 
may  be  an  underwood  of  younger  trees  of  the  same  species  or  of  others  such  as  Ceriops, 
two  storeyed  forest  being  of  common  occurrence  owing  to  the  prevalence  of  trees  whose 
maximum  height  is  only  5-10  m.  mixed  with  others  capable  of  further  development. 
The  soil  in  these  forests  is  typically  bare  mud,  particularly  in  the  best  Heritiera,  though 
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masse?  of  regeneration  may  cover  it  locally.  At  higher  levels  flooded  only  at  spring  tides, 
there  i.5  more  and  more  varied  undergrowth  of  Pandanus,  canes,  ferns,  etc.  and  if  very  bra- 
kish  m-izh  Phoenix  paludosa.  Nearer  the  sea  with  definitely  salt  water,  tlie  Heritiera  is 
replaced  by  the  Rhizophoraceae  and  other  smaller  trees  which  colonise  the  mud  banks  and 
flats.  Species  are  here  relatively  few  and  mostly  occur  gregariously;  practically  all  are 
evergreen  with  simple  coriaceous  leaves.  Grasses  are  rare  [Oryza).  Climbers  are  usual¬ 
ly  few  though  Derris  is  locally  abundant.  Epipliytcs  are  fairly  numerous  (notably  the 
tuberous  Hydnopliytum) .  Some  species,  particularly  among  the  Rhizophoraceae,  grow 
on  stilt  roots  and  others  send  up  knees  (H-riliera)  or  pointed  pneumatophorcs  (Sonneratia, 
Carapa,  Amoora),  ?vhilst  Litsea  sp.  has  long  bifurcating  aerial  roots.  Vivipary  is  characteris¬ 
tic  of  the  Rhizophora  spp.,  and  nearly  all  seeds  or  fruits  are  large  but  lighter  than  water, 
cv'en  in  families  [Meliaceae)  in  which  winged  seeds  are  usual.  {Sonneratia  is  exceptional 
witli  minute  seeds).  BLATTER  (19051  has  given  some  biological  notes  on  the  Bombay 
man 'roves.  GURTIS’s  \V  di  king  Plan  (1931-5O  gives  a  good  account  of  the  Sunderbans 
forests. 

DISTRIBUTION.— Of  the  large  and  important  area  carrying  tidal  forests  in  the 
delta  of  the  Ganges  and  Brahmaputra  rivers,  only  the  poorer  part  west  of  the  Raimangal 
branch  now  faUs  within  India.  CURTIS’s  working  plan  gives  a  detailed  stockmap  for 
each  compartment  showing  the  distribution  of  the  chief  species  with  density  and  height. 

There  is  a  cansiderable  area  under  mangroves  in  the  mouths  of  the  creeks  and  short 
rivers.  There  are  also  remnants  at  the  estuaries  of  the  Mahanadi,  Krishna  and  Godavari 
rivers  on  the  East  Coast,  but  very  little  in  the  creeks  on  the  West  Coast. 


LOCALITY  FACTORS.— 

Temperature.—Mc^n  annual  temperature  is  very  close  to  27’’C  equally  on  the  Ganges 
and  Godavari  estuaries  as  on  the  Andamans  and  West  Coast  creeks  The  range  is 
,  m-an  m„imum  being  approximately  30”  C  at  all  stations  and  the  mean  minimum 

(he  a  I”  (Godavari  mouth),  Port  Biair  in 

the  Andamans  and  Calicut  on  the  West  Coast. 


Temperature  {centigrade) 
Tidal  Swamp  Forests 
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Sub-group 

Rainfall— The  rainfall  varies  greatly  ^vithout  much  influence  on  the  vegetation. 
The  ^Vest  Coast  and  the  Andamans  get  a  high  rainfall  of  over  3,000  mm.  \\’hilst  the  Ganges 
delta  receives  about  1,730  mm.  and  the  East  Coast  only  1,000  mm.  Below  260  mm. 
rainfall  is  received  on  the  western  Saurashtra  coast.  Humidity  is  correspondingly  high  at 
80%  in  the  former  pair  and  lower,  about  73%  in  the  eastern  region. 


Rainfall  {millimetres) 


Tidal  Swamp  Forests 


Montli 

Anda-  ^ 
man 

Islands  1 
PORT  I 
BLAIR  1 

8o  m. 

West 

Bengal 

CAL¬ 

CUTTA 

6  m. 

Andhra  ' 
Pradesh 

KAKI- 

NADA 

8  in. 

Andhra  ' 
Pradesh 

MASU- 

LIPA- 

TAM 

Kerala 

1 

TRI- 
VAN-  1 
DRUMj 

Kerala  | 

1 

c:ali- 
c;UT  1 

8  m. 

Maha¬ 

rashtra 

BOM¬ 

BAY 

11  m. 

Guja¬ 

rat 

TOR- 

BUN- 

dar 

5  ‘o- 

January 

45 

9 

7 

5 

20 

9 

4 

3 

February 

28 

3c 

8 

14 

‘9 

5 

2 

3 

March 

28 

35 

12 

I  I 

39 

17 

1 

•  1 

April  .... 

60 

45 

16 

18 

“5 

9‘ 

1 

May  .... 

384 

140 

39 

34 

223 

236 

‘7 

5 

June  .... 

562 

297 

“9 

107 

335 

00 

0 

484 

“3 

July  .... 

392 

325 

166 

162 

‘97 

825 

617 

210 

August 

414 

328 

141 

159 

120 

436 

340 

95 

September 

442 

253 

‘57 

62 

“5 

202 

264 

3‘ 

October 

310 

1 14 

216 

218 

273 

261 

65 

7 

November 

267 

21 

142 

‘47 

‘77 

‘39 

‘4 

8 

December 

5 

ib 

‘7 

63 

26 

2 

3 

Total  for  year  . 

3, ‘43 

1,600 

1,040 

‘.053 

‘.C97 

3.085 

‘,809 

479 

Number  of  rainy  days 

150 

84 

58 

55 

97 

“5 

74 

24 

Number  of  months  less  than 
50  mm. 

!  3 

6 

6 

G 

1 

;  3 

4 

7 

9 

M.  A.  Humidity 

! 

74 

73 

74 

1  80 

80 

74 

> 

No.  of  years 

j  6u 

(3o 

j  60 

Go 

1  lOU 

60 

60 

53 
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Topography.— A  maze  of  tidal  creeks  tlie  banks  of  which  tend  to  be  higher  than  the 
intermediate  ground  and  so  to  form  depressions  in  and  out  of  which  the  tide  flows  daily, 
submerging  the  surface  twice  daily  at  one  extreme  and  only  at  the  highest  spring  tides 
at  the  other  extreme.  When  the  rivers  are  in  spate,  their  water  is  banked  up  at  high  tide 
increasing  the  depth  and  reducing  the  salinity. 

Soil. — Entirely  river-borne  silt,  a  very  fine  mud,  being  loamy  where  the  water  is 
fresh  and  stiff  clay  where  it  is  salt,  locally  with  some  overlying  sand  (sometimes  blown, 
sometimes  deposited  by  water). 

GENERAL  FLORISTICS. — Rhizophoraceae  are  almost  confined  to  the  type,  and  are 
most  typical  though  absent  or  inconspicu-ais  over  much  of  the  upper  levels  ;  their  special 
habitat  is  the  newly  deposited  mud  banks  submerged  by  the  tides  every  day.  In  addition 
there  are  a  few  genera,  each  usually  wdth  several  species,  belonging  to  a  considerable 
number  of  families,  which  are  specially  adopted  to  the  unusual  conditions,  thus  Sterculia- 
ceae  [Heritiera),  Meliaceae  {Carapa),  Lylhraceae  {Sonneratia) ,  Verbenaceae  (Avice?inia),  Euplior- 
biaceae  {Excoecaria),  Apocynaceae  {Cerbera),  Leguminosae  {Cynometra).  Shrubs  as  opposed 
to  small  trees  are  few,  Acanthus  being  the  commonest,  whilst  the  fern  Acrostichum  aurcum 
is  very  typical.  Palms  are  similarly  limited  to  a  few  species  notably  Phoenix  paludosa 
and  jiipa  fruticans.  Actually  the  flora  is  a  poor  one  and  exceptionally  uniform  and  wide¬ 
spread.  Grasses  are  commonly  absent,  but  Oryza  cnarctata  is  an  early  colonist  where  the 
water  is  fairly  fresh.  Studies  have  been  made  comparing  the  mangrove  floras  of  the  main 
occurrences  showing  the  East  Coast  to  be  the  richest  in  species  (BLATTER  et  al.). 


SUB-DIVISIONS,  SUCCESSIONS,  etc.— 
The  following  types  are  recognized  : 

YSi — Mangrove  scrub 
73-2_Mangrove  forest 

7'5'2 _ Salt  water  mixed  forest  (Heritiera) 

_ Brackish  water  mixed  forest  [Heritiera) 

El — Palm  swamp. 


Note -In  the  simplest  case,  there  is  evidently  a  succession  from  the  mangrove 
K  to  forest  and  then  through  salt  water  to  brackish  water  mixed  forest  as  soil  dcposi- 
:  „  r/resTes  From  ,hU  sje  .here  i,  often  re.rogre.,ion  to  ra.her  dr.er  type,  tn.h 

tion  prog  ■  1  „  H  iiltimatelv  to  the  climatic  climax  which,  though  \arying 

m„„»on  flooding^ on  a  form  of  tropical 

ev'™e“.  WAHEED  KHAN  (.957)  ha.  given  a  uteft.l  summary  of  .nforma.ton  and 
views  on  the  ecology  of  the  tidal  forests. 
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The  succession  of  vegetation  with  respect  to  tidal  influence  is  illustrated  below  for 
the  Lower  Godavari  delta. 


Bed  level 


Neap  high 
tide  level 


Normal  high  tide  level 


Avicemia  marina  Avicennia  officinalis 


Spring  high  tide  level 


Equinoxial  high  tide  level 


Thespesia  populnea 
Tamarix  gallica 


Avicennia  alba 


Sonneralia  apetala 
Rhizophora  mucronata 
R.  cancel  aria 
Bruguiera  conjugata 
B.  cylindrica 
Ceriops  roxburghiana 


I  Excoecaria  agallocha 
Lumnitzera  rcuemosa 
I  (Aegiceras  ctmiculala) 

i 


{Saline  Blanks) 
{Sueda  mariiima) 

( CynoJon  dactylon) 

. 

Aegiceras  eornkulaia 
Ex  oecaria  agallocha 
Lumnitzera  raremosa 


TSi.  Mangrove  scrub 

NOMENCLATURE. — Salt  water  forests.  (CURTISj. 

DESCRIPTION. — More  or  less  dense  forest  of  very  low  average  height,  often  only 
3-6  m.  high.  Often  further  reduced  by  biotic  agencies,  species  few  and  markedly  grega¬ 
rious;  all  evergreen  with  entire  leathery  leaves.  Viv’ipary  usual. 

DISTRIBUTION.— In  the  river  deltas  along  the  edge  of  tidal  waterways  and  on 
sheltered  muddy  coasts  from  Gujarat  round  to  Bengal.  It  occupies  a  large  proportion 
of  the  Western  Sunderbans. 


LOCALITY  FACTORS. — Soft  tidal  mud  submerged  by  salt  water  at  every  tide. 
In  the  W.  Sunderbans  new  silt  is  not  being  brought  down  by  the  rivers  but  is  derived 
from  the  scouring  of  the  land  surface  causing  extensive  dejn  essions. 


FLORISTICS.— 

(i)  W.  Sunderbans^  Bengal  (of.  RAO) — 

I/II.  Ceriops  roxburghiana* ,  Avicennia  alba*,  Aegialitis  rotundifolia,  Excoecaria  agallo- 
cha,  I'hoemx paludosa  (drier  ground). 

III.  Acanthus  ilicifolius,  Brownlowia  lanceolata. 

IVb.  Local  patches  of  grass. 


Note.  This  type  predominates  in  the  south-western  part  of  the  delta, 
more  or  less  bare  depressions  are  numerous. 


Extensive 
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(ii)  Salsette  Island,  Bombay  (PATIL) — 

I/II.  Avicennia  alba*,  Sonnerafia  apeiala,  Excoecaria,  Aegiceras,  Avicennia  ojjicinalu. 
III.  Acanthus  ilicifolius. 

Note. — With  increasing  pressure  of  biotic  factors,  the  vegetation  is  progressively 
reduced  to  a  low  cover  almost  exclusively  of  Avicennia  alba  and  Acanthus. 

(iii)  Godavari  and  Krishna  deltas — 

Avicennia  officinalis*,  A.  marina*,  Excoecaria  agallocha*,  and  Lumnitzera  racemosa 
form  90%  of  the  stock. 


TS2.  Mangrove  forest 

DESCRIPTION. — Typically  a  closed  evergreen  forest  of  moderate  height  composed 
of  trees  specially  adapted  to  survive  on  tidal  mud  which  is  permanently  wet  with  salt 
water  and  submerged  every  tide.  Stilt  roots  are  very  typical  (notably  in  Rhizophora), 
so  also  are  leathery  entire  leaves  and  vivipary. 

DISTRIBUTION. — In  the  river  deltas  along  the  edge  of  the  waterways  and  sheltered 
muddy  coasts  of  the  East  Coast  of  Bengal  and  a  little  on  West  Cioast  ;  also  in  the  Anda¬ 
man  Islands. 

LOCALITY  F.ACTORS. — The  type  is  found  on  the  mud  banks  of  the  delta  streams, 
the  tails  of  islands,  and  over  more  extensive  areas  near  the  sea  face  wherever  accretion 
is  in  progress.  It  does  not  develop  on  the  sanily  banks  at  the  sea  face,  for  though  s-.-me 
voung  growth  mas-  be  found,  it  passes  on  to  other  types  svithout  full  development  in  the 
present  one.  The  ground  is  flooded  daily  by  salt  water  and  never  has  time  to  dry  out. 

ILLUSTRATION.— Plate  30. 

FLORISTICS.— 

(i)  IF.  Sunderbans — 

I/II.  Rhizophora  candelaria*,  Kandelia  candel,  Avicennia  alba*,  Bruguiera  conjugates, 
'  Xylocarpus  molluccensis  (Carapa),  Ceriops  tagal*,  Lumnitzera  racemosa,  Xylocarpus 
granalum,  Excoecaria  agallocha,  Ceriops  roxburghiana,  Sonnerafia  apetala. 

(ii)  Krishna  and  Godavari  deltas  (A. A.  KHAN)  — 

l/II.  Avicennia  officinalis*,  Rhizophora  mucronata*,  R.  candelaria,  Ceriops  roxbw ghtana* , 
Bruguiera  spp.,  Sonneratia  apetala. 

HI.  Acanthus  ilicifolius,  CUrodendrum  inerme. 

V.  Dalbergia  spinosa,  Derris  trifoliata. 

NOTE.-AS  Ihe  ground  level  rises  E^cmma  and  UmmtKera  take  over, 
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(iii)  Mahanadi  delta  (HAINES) — 

Very  similar  to  (ii). 

(iv)  Andaman  Islands  (CHENGAPPA) 

hhizophora  mucronata*,  R.  Candelaria  (outer  edge),  Bruguiera  conjugata*  B.parviflora 
(just  behind),  Avicennia  officinalis,  Ceriops  tagal*,  Kandelia  candel,  Xylocarpus 
molluccensis,  Sonneratia  caseolans,  Excoecaria,  etc. 

(v)  Great  Nicobar  Islands  (SAHNl) 

Bruguiera  conjugata*,  Carallia  brachiala,  Sonneratia  caseolans,  Nipa  fruticans,  Areca 
triandra. 

General  Note.— The  soil  deposition  occurring  in  this  type  is  mainly  the  product 
of  erosion  higher  in  the  delta.  The  type  appears  stable  over  long  periods  but  must  gra¬ 
dually  pass  into  the  Heriiiera  as  the  level  is  raised  unless  changes  result  in  fresh  erosion  or 
deposition  of  sand.  The  Rhizophoras  and  Sonneratia  form  the  lowest,  outermost  fringe 
and  other  species  mentioned  are  rather  behind  and  above  and  probably  represent  the 
next  serai  stage. 

TS3.  Saltwater  mixed  forest  (Heritiera) 

NOMENCLATURE. — Moderately  saltwater  forests  (CURTIS). 

DESCRIPTION. — Ti  e  forest  is  fairly  dense — it  may  even  be  denser  than  the  fresh¬ 
water  ty^pe  next  to  be  described  but  is  never  high,  rarely  over  20  m.  nor  do  the  trees 
attain  large  girths.  The  species  are  fairly  numerous  but  tend  to  occur  gregariously. 
Stilt  roots  are  infrequent  but  pneumatophores  typical. 

DISTRIBUTION. — In  the  bigger  river  deltas  behind  and  beyond  the  foregoing 
type. 

LOCALITY  FACTORS. — The  ty'pe  occurs  where  the  ground  is  flooded  every  tide 
with  definitely  brackish  water.  There  is  less  silt  deposition  than  in  the  freshwater  type 
and  so  the  soil  has  less  humus  and  is  less  biamy,  a  stiffer  clay  liable  to  crack  e.xtensively 
if  exposed. 

FLORISTIGS.— 

(i)  IF.  Bengal,  Sunderbans  (cf.  RAO). — 

I/II.  Heritiera  minor*,  Excoecaria  agallocha*,  Ceriops  roxburghiana* ,  Xylocarpus  molluc¬ 
censis,  Bruguiera  conjugata,  Avicennia  officinalis,  Amoora  cucullata,  Aegialitis  rotun- 
difolia  (la  near  sea  face). 

III.  Nipa  relatively  uncommon. 

Note.  At  slightly  higher  levels,  the  flooding  is  less  frequent  and  the  salt  concen¬ 
trates  with  resultant  poor  forest,  typically  scattered  small  Heritiera.  Tree  mangrove  forest 
with  the  Rhizophora  occurs  in  close  proximity  along  the  edges  of  the  rivers  throughout. 

13—7  FRI&C/64 
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TS4.  Brackish  water  mixed  forest  (Heritiera) 

NOMENCLATURE. — Fresh  water  forests  (CURTIS). 

DESCRIPTION.— This  is  the  finest  development  of  the  tidal  forests  and  may  be  a 
close  forest  over  33  m.  high  {Bruguiera  and  Heritiera)  but  it  is  only  poorly  represented 
in  the  western  part  of  the  Sunderbans.  Stilt  roots  are  rarely  met  with  but  pneumato- 
phores  are  usual  (both  genera  mentioned). 

DISTRIBUTION. — In  the  larger  deltas,  notably  the  Ganges. 

LOCALITY  FACTORS.— The  type  occupies  the  levels  which  are  flooded  for  some 
portion  of  each  day,  the  water  never  being  very  salt  and  during  the  rainy  season  either 
quite  fresh  or  only  slightly  brackish.  There  is  a  good  deposit  of  fresh  silt  each  year. 
It  is  best  developed  on  the  ground  lying  between  the  drier  banks  of  the  larger  streams 
and  the  central  depressions  {'^bils”  in  the  Sunderbans). 

ILLUSTRATION.— Plate  31. 

FLORISTICS.— 

(i)  W.  Bengal,  Sunderbans. — 

I.  Heritiera  minor*,  Xylocarpus  molluccensis,  Bruguiera  conjugata,  Sonneratia  apetdia, 
Avicennia  officinalis,  Sonneratia  caseolaris. 

II.  Excoecaria  agallocha,  Cynometra  ramiflora*  (dry  soils),  Amoora  cucullata*  (wet 

soils),  Ceriops  roxburghiana,  Phoenix  paludosa  (high  land). 

III.  Acanthus  ilicifolius.  Hibiscus  tiliaceus,  Pandanus  tectorius,  Acrostichum  aureum 
(especially  in  depressions),  Brownlowia  lanceolata,  J\fipa  (fringing  banks). 

V.  Derr  is  spp. 

(ii)  Andaman  Islands  (CHENGAPPA). — 

I/II.  Heritiera  littoralis*,  Barringtonia  racemosa,  B.  asiatica. 

III.  Brownlowia  lanceolata.  Acanthus  spp. 

IV.  Phoenix  paludosa,  Nipa. 


Ei.  Palm  swamp 

description. — A  dense  low  growth  of  tufted  palms  upto  6  m.  high. 

DISTRIBUTION.— On  the  drier  areas  within  the  salt  water  mangrove  scrub  or 

forest. 

LOCALITY  FACTORS  . — As  above. 

ILLUSTRATION.— cf.  Plate  31. 

FLORISTICS.— paludosa. 


Facing  page  166  ^  Plate  31 
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MYRISTICA  SWAMP  FOREST 

Large  MyritVco  megel/ice  with  typical  kpee  roots.  Evergreen  swamp,  Kerala^ 
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Sub-group  4C.  Tropical  Freshwater  Swamp  Forests 

FSi.  Myristica  swamp  forest 

NOMENCLATURE. — Myristica  swamps  (KRISHNAMOORTHY). 

DESCRIPTION. — Fairly  dense  evergreen  closed  forest  about  15 — 30  m.  high, 
with  clean  slender  boles  standing  in  mud  through  which  abundant  knee  loots  protrude. 
There  is  little  undergrowth,  mainly  Aroids  and  Scitaminae, 

DISTRIBUTION.— Restricted  to  valleys  in  the  tropical  evergreen  forests  of 
Travancore,  Kerala. 

LOCALITY  FACTORS.— As  fringing  forest  to  sluggish  streams  below  300  m. 
altitude.  Soil  sandy  alluvium  with  high  humus  content,  often  over  kaolin  clay  derived 
from  under-lying  gneissic  rock.  Inundated  June  to  January_and  continuously  w’et  or  moist 
the  rest  of  the  year. 

ILLUSTRATION.— Plate  32. 

FLORISTICS.— fKRISHNAMOORTHY).— 

I/II.  Myristica  magnifica*  (va),  M.  laurifolia  (o),  M.  canarica  (f),  M.  malabarica  (o), 
Lagerstroemia  speciosa  (f),  Lophopetalum  uightianiim  (o),  Eugenia  montana  (o), 
Carallia  brachial  a  (o). 

III.  Pandanus  sp. 

IVa.  Aroidae,  Cyperaceae,  Scitaminae. 

V.  Calamus  sp. 

Note. — This  localised  but  interesting  type  recently  described  from  Kerala  is  lieing 
rapidly  destroyed  for  conversion  into  paddy  fields. 

Similar  forest  is  recorded  from  New  Guinea  (  WOMERSLEY,  1957). 


FS2.  Tropical  hill  valley  swamp  forest 


DESCRIPTION.  Irregular  forest  of  a  limited  number  of  mainly  evergreen 
species  able  to  withstand  the  wetness  of  the  sites  occupied.  The  trees  are  usually  low- 
crowned  and  branchy  and  there  is  often  a  dense  growth  of  Calamus,  whilst  FtVttj  and 
monocotyledons  such  as  Alpinia  often  form  the  undergrowth 


DISTRIBUTION.  In  suitable  sites  all  along  the  Himalayan  sub-montane  tract 
ropica  1  va  though  most  of  it  has  been  cleared  and  drained  for  agriculture. 

•  compared  with ’’the  preceding  type,  the  water  is 

rnd  ■’I'?';  The  stream  bedsiare  usually  gravelly  and  the  silt 

we.  or  at  L!,  !;.*'  “"“"v  ''-'’'V  The  she  Is  continuously 


ILLUSTRATION. — Plate  33 
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FLORISTIGS.— 

(i)  Near  Gudalur,  NUgiri,  Wynaad,  Kerala, — 

I.  Eugenia*  spp.  (a),  Mallotus  albus*  (a). 

III.  Pandanus  sp.  (a). 

IV.  Alpinia  spp.  (va). 

Note. — Narrow  strips  only. 

(ii)  Near  Manantoddy,  Wynaad  Division,  Kerala. — 

I.  Anthocephalus  cadamba*  (a),  Machilus  macranlha  (f),  Elaeocarpus  tuberculatus*  (f). 

III.  Pandanus  sp.  (a). 

IV.  Alpinia  sp.  (va). 

Note. — These  forms  with  Pandanus  and  Alpinia  are  very  typical  of  the  narrow 
swampy  hollows  in  the  W.  Ghats. 

(iii)  Golatappar,  Dehra  Dun,  U.  P. — • 

I.  Ficus  glomerata*  (D),  Trewia  nudiflora*  (D),  Syzygium  cumini  (E),  Pterospermum 
acerifolium  (E),  Gedrela  toona  (D),  Bischofia  javanica*  (E). 

II.  Diospyros  peregrina*  (E),  Carallia  brachiata  (E),  Putranjiva  roxburghii  {E),  Phoebe 
lanceolata  (E) ,  Machilus  gamblei  CE),  Salix  (etrasperma. 

III.  Acronychia  pedunculata,  Ardisia  solanacea,  Desmodium  laburnifolium 
IVa.  Ferns  but  no  grass. 

V.  Calamus  tenuis. 

pqoTE. — A  gravelly  soil  with  perennial  running  water. 

FS3.  Creeper  swamp  forest 
NOMENCLATURE.— Swamp  and  creeper  forest  (BOR) . 

DESCRIPTION. — Thick  impenetrable  forest  about  10  m.  in  height,  the  trees 
suDporting  amass  of  creepers  by  which  they  are  almost  completely  overgrown,  sur- 
rounded  by  high  forest  containing  pockets  of  Phragmites  themselves  including  patches 

of  Cephalanthus. 

distribution. — Low-lying  sites  in  the  Brahmaputra  Valley 

locality  factors. — At  150 — 200  m.,  soil  heavy,  very  moist  and  low-lying, 
,  .5_2  m.  deep  over  bhabar  gravel. 

FLORISTICS.— (BOR)  .— 

I.  Magnolia  griffithii,  Litsea  spp.,  Quercus  listeri,  Drimycarpus  racemosus,  Altingia. 
II.  Machilus  gamblei,  Syzygium  cumini,  Eugenia  formosa,  Vatica  lanceacfoha. 

V.  Calamus  leptospadix,  C.  tenuis,  Cissus,  Urcaria,  Acacia,  Toddalia.  ere. 

BOR  enumerates  50  species  as  commonly  found  in  this  t  pe. 
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Type  4DI{SSi/SS2) 

Sub-group  4D.  Tropical  Seasonal  Swamp  Forests 

SUBDIVISIONS.— 

The  following  types  have  been  distinguished : 

6'5i  Eastern  seasonal  swamp  forest. 

SS2  Barringtonia  swamp  forest. 

'  SS%  Syzygium  cumini  swamp  forest. 

SSa  Eastern  seasonal  swamp  low  forest  (Cephalanthus) . 

SS^  Eastern  Dillenia  swamp  forest. 

2S\  {Syzygium  parkland). 

2S2  {Eastern  wet  alluvial  grassland).- 


SSi.  Eastern  seasonal  swamp  forest 

NOMENCLATURE. — Altingia-Machilus-Syzygium  hylis  (BOR). 

DESCRIPnON.— An  unusually  even  and  dense  forest  with  the  canopy  at  about 
20  m.  almost  impenetrable  on  account  of  the  canes.  (BOR). 

DISTRIBUTION.— Apparently  restricted  to  limited  areas  in  the  Brahmaputra 

Valley.  ^ 


LOCALTIY  FACTORS.— “The  soil,  which  is  under  water  for  the  greater  part  of 
the  rams,  is  black  and  formed  by  very  finely  divided  material.  Fire  does  not  penetrate.” 
FLORISTICS.— (BOR).— 

I/II.  Altingiaexcelsa*  {^o%),  Maehilus  gamblei*  (25%),  Syzygium  eumini*,  S.  eerasoi- 

deum,  Elaeoearpus  varunna,  Michelia  doltsopa,  Cinnamomum  spp.,  Litsea  sdd 
Turpima  spp.,  etc. 

I  la.  Pinanga  gracilis. 

III.  Psychotria,  Clerodendrum,  Allophylus,  Laportea. 

IVa.  Ferns  abundant. 

V.  Calamus  tenuis,  C.  latifolius. 

SSa.  Barringtonia  swamp  forest 

description.— The  11 

trees  of  medium  height  (generally  loTo  n  ^  open  crop  of  evergreen 

but  it  may  be  much  denser  and  with  or  ’  withlf  ^th  ^ often  pure  crops, 
evergreen  species.  Some  of  the  ground  1  f  ^  undergrowth  likewise  of 

be  under  coarse  savannah  grass  which  mav  be  of  ^ 

able  from  the  grass  savannah  of  the  alluvial  origin  and  indistinguish- 

Calamus  mav  be  abundant.  The  flora  is  speciali.e!!'''^^?'''"’  are  few  though 

cl  and  poor  in  species.  The  luxuriance 
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of  the  vegetation  varies  greatly  with  conditions  and  the  extent  of  human  interference 
from  a  very  open  crop  of  low  trees  over  grass  to  a  dense  closed  canopy.  Subdivision  is 
probably  desirable. 

DISTRIBUTION. — India  is  devoid  of  extensive  permanent  swamps  particularly 
in  the  southern  parts,  but  there  are  a  good  many  tracts  which  are  under  water 
continuously  for  a  fairly  long  period  during  the  rains.  The  Ganges-Brahmaputra  Valley 
has  many  such  areas  some  of  which  are  former  river  beds.  The  extensive  swampy 
tracts  that  must  once  have  been  present  at  the  head  of  the  Ganges  delta  have  all  been 
cleared. 

LOCALITY  FACTORS. — The  most  important  factor  is  the  often  prolonged 
annual  summer  flood;  where  the  flooding  is  too  deep  and  prolonged,  tree  growth  may 
be  unable  to  establish  itself  so  that  until  the  level  is  raised  by  siltation  only  grassland 
occurs  (cf.  p.  172).  Between  the  flood  periods  the  soil  dries  out  to  a  varying  extent, 
and  where  it  is  heavy  and  retentive  the  available  water  supply  may  be  scanty  resulting 
in  poor  growth.  Soil  aeration  is  usually  poor  and  the  soil  is  rich  in  humus  partly  from 
this  reason;  soil  temperatures  must  also  be  Icwer  than  in  the  adjoining  drier  types. 
Rainfall  is  relatively  unimportant  except  indirectly  but  usually  exceeds  i,!250  mm 
and  the  water  table  never  falls  below  4-5  m.  and  more  usually  not  more  than  a 
metre  or  two. 

ILLUSTRATION.— Plate  34. 

FLORISTICS.— 

(i)  Katna  river,  S.  Kheri,  Uttar  Pradesh.  (WORKING  PLAN). — 

I/II.  Barnngtonia  acutangula*,  Syzygium  cumini,  Salix  tetrasperma,  Pongamia pinnata, 
Streblus  asper.  Ficus  glomerata. 

III.  Ardisia  solanacea  etc. 

V.  Calamus  tenuis^ 

(ii)  Sonebheel,  Cachar,  Assam.— 

I.  Barringtonia  acutangula*. 

Note. _ may  form  an  almost  pure  crop,  sometimes  with  a  neaily  closed 

canopy,  examples  occurring  in  all  the  States  forming  the  Ganges-Brahma¬ 
putra  alluvial  plain. 


SS3.  Syzygium  cumini  swamp  forest 


NOMENCLATURE.— Jamiin  belts. 

DISTRIBUTION.— Along  stream  banks  in  Gangetic  alluvium,  typically  seen  in 


Eastern  U.P-  ,  ,  .  . 

DFSCRIPTION.— A  remarkably  pure  forest  usually  a  nariow  belt  but  scmetirn« 
much  ^der,  spreading  over  low  flats  and  shallow  depressions.  The  stands  are  dense  with 
long  clean  slender  boles.  There  is  no  undergrowth. 
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LOCALITY  FACTORS.-Low  lying,  seasonally  Hooded,  ground  along  the  banks 
of  sluggish  streams. 

ILLUSTRATION.— Plate  35. 

FLORISTIGS.— 


cumini. 


I.  Syzygttifn 

Note. — Barringtonia  may  sometimes  1 


;  form  consociation  with  the  Syzygium.  Occasionally 
Trewia  mdiflora  and  at  the  water’s  edge,  Salix  tetrasperma  also  occur. 


/ 


SS4.  Low  swamp  forest  (Cephalanthus) 

DESCRIPTION.— A  shrubby  formation  some  5  m.  high  with  a  few  stunted  Shorea 
robusta  etc. 

DISTRIBUTION.— In  the  Gangetic  Valley  from  Pilibhit  (U.P.)  eastwards;  common 
la  Brahmaputra  Valley. 

LOCALITY  FACTORS. — Swampy  depressions  in  the  sal  zone  where  a  very  deep 
black  heavy  waterlogged  soil  has  been  formed. 

FLORISTIGS.— 

(i)  Brahmaputra  Valley,  Assam — 

I.  Shorea  robusta  (o). 

II.  Cephalanthus  occidentalis* ,  Glochidion  hirsutum*. 

III.  Melastoma  malabathricum. 

IV.  Alpinia  spp.,  Canna  indica,  Clinogyne  dichotoma. 

IVa.  Phragmites  karka* ,  Saccolepis  interrupta,  Leersia  hexandra. 

(ii)  South  Kheri  Division,  U.P. — 

I.  Syzygium  cumini*. 

II.  Cephalanthus  occidentalis*. 

III.  Glycosmis  pentaphylla. 


SS5.  Eastern  Dillenia  swamp  forest 


NOMENCLATURE.— Inundation  forest  (RAJKHOWA). 

DilUnia-BischoJia  and  Dillenia- Mesua  subtypes. 

DESCRIPTION.  A  fairly  dense  forest  of  medium  height  with  many  evergreen  and 
semi-evergreen  species. 


DISTRIBUTION.— Throughout  the  evergreen  and  semi-evergreen  zones  in  Assam 
extending  several  miles  from  the  main  rivers, 

LOCALITY  FACTORS.— The  type  occurs  on  heavy  {khurkani)  soils  on  flat  topogra¬ 
phy  flooded  during  the  wet  seasons  but  drying  out  between. 
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FLORISTICS.— 

(i)  Dillenia-Bischofia  sublyper—^  localities  (RAJKHOWA)— 

I.  Dillenia  Mica*  (22-26%),  Bischofia*  (13-26%),  Albizzia  lucida  (2-4%), 
Lagerstroemia  (3-9%),  Terminalia  chebula  (2%). 

II.  Eugenia  spp.  (1-3%),  Vatica  lanceaefolia  (6-19%). 

Percentages  are  for  trees  over  3  ft.  girth  in  Jokai,  Tclpani  and  Dehingmukh 
Reserves. 

{ii)'[Dillenia-Mesua-Altingia  subtype— 2  localities  (RAJKHOWA),— 

T  Mesua*  (13-31%),  Dillenia*  (6-9%),  Altingia*  (3-22%),  Artocarpus  chaplasha 
(1%),  Bischofia  (1-5%),  Castanopsis  indica  {i-^%),Canarium  (1-4%),  Mag- 
noliaceae  (1-3%). 

II.  Eugenia  spp.  (2-4%),  Premna  bengalensis  (1-2%),  Turpinia  (0-8%),  Vatica 

(i-3%)-  ; 

Percentages  are  for  trees  over  3  ft.  girth  in  Namdang  and  Belipara  Reserves. 

281.  (Syzygium  parkland) 

This  is  described  under  2/1S2,  page  96. 

282.  (Eastern  wet  alluvial  grassland) 

Mention  may  be  made  here  of  the  treeless  grasslands  occurring  in  cut-olf  meanders 
of  the  main  rivers  and  similar  low  alluvial  sites.  These  are  deeply  flooded  (3-4  m.) 
during  the  monsoon  but  the  stiff  (“khurkani”  in  Assam)  soil  dries  out  completely  during 
the  hot  weather.  This  alteination  appears  to  be  too  severe  for  tree  growth  and  presumably 
the  grassland  formation  will  remain  until  slow  siltation  has  raised  the  level  considera¬ 
bly,  In  most  cases,  fire  runs  through  the  grass  annually,  being  the  more  destructive  the 
later  it  occurs,  almost  stopping  the  progression  that  could  otherwise  take  place;  the  type 
is  thus  to  be  viewed  as  an  early  arrested  stage  of  a  primary  sere. 

ILLUSTRATION.— Plate  36. 

FLORISTICS.— 

(i)  Tarai  swamp  grassland  (AGRAWAL). — 

Vetiveria  zizanioides,  Erianthus  arundinaceus,  E.  munja,  Phragmites  karka,  Themeda  arundi- 
nacea,  Sclerostachya  fusca  at  times  as  tall  as  6  m. 

(ii)  Reed  swamp,  Uttar  Pradesh  (SETH) — 

Phragmites  karka,  Arundo  donax,  Typha  ekphantina,  Saccharum  spontaneum,  Imperata  cylin- 
drica,  Vetiveria  zizanioides,  Sclerostachya  fusca,  Coix  gigantea,  Chionac  ne  oeni^t, 
Erianthus  ravennae,  Narenga  porphyrocoma,  Themeda  arundinacea  (on  slightly  hig  er 
permanently  moist  ground). 

(iii)  Jaldapara  Sanctuary,  W.  Bengal. — 

Sucharum  spontaneum,  S.  procerum,  Erianthus  arundinaceus,  Narenga  porphyrocoma, 
Phragmites  karka,  Arundo  donax. 


Facing  page  172 


Plate  36 


EASTERN  WET  ALLUVIAL  GRASSLAND 
Dense  Phragmites  karka  swamp.  Kaziranga  Wild  Life  Sanctuary 
with  Rhinoceros  unicornis),  Assam. 

H.  G.  Champion 


7  FRI&.C/64  ] 


Facing  page  173 


Plate  37 


RIPARIAN  FRINGING  FOREST 

Terminalia  arjuna  along  Machena  river.  BetuI  Division,  Madhya  Pradesh. 

H.  C.  Champion 
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(iv)  Malda  Division,  IV-  Bengal. 

I.  Barringtonia  acutangula  (few,  scattered). 

IVb.  Sacckarum  spontaneum,  Vetiveria  zkanioides,  Themeda  arundinacea,  Aristtda  spp 
Phragmites  karka,  sedges. 

(v)  Kaziranga  Game  Sanctuary,  Assam. — 

Phragmites  karka  (a),  Saccharum  procerum  (a). 

Note. — The  grasses  are  upto  5  m.  high  and  very  dense. 


Sub-group  4E.  Tropical  Riparian  Fringing  Forests 

RSi.  Riparian  fringing  forest 

DESCRIPTION. — A  few  species  of  large  trees  typically  forming  a  rather  narrow 
fringe  along  the  water  courses  sometimes  spreading  out  along  the  bigger  rivers.  These 
trees  may  be  evergreen  or  deciduous  but  are  usually  sub-evergreen.  They  stand  widely 
spaced  with  smaller  trees  and  shrubs  between  and  often  much  coarse  grass.  Examples  are 
Bischofiajavanica,  Terminalia  arjuna,  T.  myriocarpa,  Lagersiroemia  speciosa. 

DISTRIBUTION.— Along  the  banks  of  most  of  the  largest  streams  in  the  hilly 
tracts. 

LOCALITY  FACTORS. — Ample  water  supplies  are  available  though  the  soil  may 
be  coarse  and  non-retentive.  The  soil  is  typically  sandy;  it  may  be  silty  but  is  rarely 
clayey.  It  is  liable  to  erosion  and  temporary  flooding,  but  is  normally  well  drained. 

ILLUSTRATION.— Plate  37. 

FLORISTICS.— 

(i)  Central  India. — 

Terminalia  arjuna*. 

(ii)  Assam,  Mysore. — 

Lagerstroemia  speciosa*. 

General  Note.  The  type  is  maintained  by  the  constant  erosion  and  redeposition 
of  soil  going  on  along  the  rivers.  In  S.  India  the  form  described  as  Dry  tropical  riverain 
(cf.  p.  221)  is  more  characteristic,  but  adequate  descriptions  are  wanting. 


CHAPTER  VII 

DRY  TROPICAL  FORESTS 
GROUP  5.  TROPICAL  DRY  DECIDUOUS  FORESTS 
Sub-group  5A.  Southern  Tropical  Dry  Deciduous  Forests 

I.  NOMENCLATURE 

The  following  terms  have  been  used  for  forests  comprised  in  this  group  : 


Maharashtra  ...... 

.  Dry  deciduous  forest  (Working  Plans). 
Savannath  forest  (TALBOT). 

Teak  pole  forest  (Working  Plans). 

Hardwickia  forest  (Working  Plans). 

Madhya  Pradesh  an  1  Andhra  Pradesh  . 

.  .  Dry  mixed  forest  with  teak  (Working  Plans). 

Dry  mixed  forest  without  teak  (Working  Plans). 

Madras  and  Mysore  .  .  .  , 

.  .  Dry  mixed  deciduous  forest. 

Red  Sanders  forest. 

Sandal  bearing  scrub  forest. 

2.  GENERAL  DESCRIPTION 

The  upper  canopy  in  the  climax  type  is  a  closed  though  usually  rather  uneven  and 
not  very  dense  one.  It  is  formed  by  a  mixture  of  trees  practically  all  of  which  are 
deciduous  during  the  dry  season,  usually  for  several  months,  though  some  for  a  short 
period  only.  Most  of  the  species  also  occur  in  the  moist  deciduous  forest  where  they 
reach  finer  development,  there,  the  height  of  the  dry  deciduous  forest  being  typically 
13-20  m.  The  number  of  siiecies  is  much  less  than  in  the  foregoing  types  and  although  a 
few  tend  to  predominate  over  any  selected  area,  the  majority  are  not  particularly  grega¬ 
rious  so  that  more  or  less  pure  associations  can  usually  be  traced  to  soil  peculiarities  or 
human  interference.  At  the  same  time,  the  dry  deciduous  forests  provide  the  clearest 
examples  in  tropical  India  outside  the  sal  forest  of  natural  single  species  crops.  The 
lower  canopy  is  likewise  almost  entirely  deciduous  as  although  evergreens  or  sub-cver- 
greens  are  present  they  are  inconspicuous  and  mainly  confined  to  the  moister  and  more 
sheltered  spots.  An  undergrowth  of  shrubs  is  usually  present  but  enough  light  gets  in  to 
permit  of  ntore  or  less  grass  growth,  and  with  burning  this  tends  to  become  more 
strongly  developed  resulting  in  savannah  or  park  like  forms  Bamboos  are  often  present 
but  are  not  luxuriant.  Canes  and  palms  are  absent.  Climbers  are  comparatively 
but  include  large  woody  species  which  may  be  locally  conspicuous.  Epiphytes  and  ferns 

are  quite  inconspicuous. 
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3.  DISTRIBUTION 

The  type  is  met  with  throughout  the  Indian  Peninsula,  with  the  exception  of  the 

W.  Ghats  where  the  rainfall  exceeds  1,900  mm.  It  merges  into  thorn  forest  wherever 

the  rainfall  drops  below  750  m.  as  in  a  large  tract  to  the  lee  of  the  VV.  Ghats.  It  is  thus 
encountered  in  Madhya  Pradesh,  Gujarat,  Maharashtra,  Andhra  Pradesh,  Mysore  and 
Madras. 

4.  LOCALITY  FACTORS 

Temperature. — Representative  localities  in  the  dry  deciduous  tracts  in  different 
parts  of  the  country  are  included  in  the  attached  table.  The  annual  mean  maximum 
lies  between  ag^G  and  35°C  and  the  annual  mean  minimum  between  i8°G  and  23'’C. 
The  highest  summer  temperature  may  be  as  high  as  48°C. 

Rainfall  and  humidity. — The  typical  annual  rainfall  for  the  type  is  1,000  to  1,300 
mm.  occasionally  down  to  850  mm.  and  frequently  up  to  a  much  higher  figure,  say 
1,900  mm.  on  dry  soils  or  rapidly  drained  sites.  A  long  dry  season  is  experienced  with 
little  or  no  rain  for  about  six  months  from  November  or  December  to  April  or  May 
and  only  unimportant  showers  till  the  break  of  the  monsoon  in  June.  The  mean  annual 
humidity  varies  considerably,  57  being  a  typical  figure  for  Upper  India,  from  anything 
down  to  50  in  G.  India,  to  figures  well  over  60  near  the  W.  Ghats,  and  lower  Gangetic 
plain.  Data  are  given  for  the  same  stations  as  selected  for  the  temperature  table. 

Rock  and  soil. — The  type  is  developed  on  virtually  any  variety  of  rock  or  soil,  the 
latter  being  naturally  dry  most  of  the  year.  It  is  especially  characteristic  of  sandy 
soils,  and  of  lateritic  and  shallow  clay  soils  and  is  often  found  on  these  even  with  a  rainfall 
amply  sufficient  for  the  moist  deciduous  type.  VAHID’s  (1927)  account  of  the  correla¬ 
tion  between  geology  and  forest  type  in  N.  Ghanda  Division  of  Maharashtra  is  a  useful 
contribution  to  our  understanding  of  this  type. 

Topography.— greater  part  of  the  area  under  dry  deciduous  forest  is  undulating 
ground,  generally  hills  of  low  or  medium  height,  but  this  is  largely  due  to  the  fact  that 
the  flat  ground  has  been  brought  under  cultivation  except  where  pronouncedly  unfavou¬ 
rable  sod  conditions  have  prevented  it.  In  G.  India  much  of  the  tract  occupied  is  on  the 
plateaux  at  450  m.  to  600  m. 
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No.  of  years  .  .  ,  . 

Temperature  data  {centigrade) — contd. 
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6.  SUB-DIVISIONS,  SUCCESSION,  ETC. 
The  following  climax  types  are  distinguished. 

Ci — Dry  teak-hearing  forest 

C2 — Dry  red  sanders-bearing  forest 

C3 — Southern  dry  mixed  deciduous  forest 


nomenclature.— Dry  teak  forest.  Dry  mixed  forest  with  teak  poles. 

DESCRIPTION. — As  for  the  sub-group  (p.  174)  but  excluding  the 
Darts  of  it.  Unless  considerably  affected  by  human  activities,  the  canopy  is  fairly 
Lmoleteand  the  trees  are  sufficiently  large,  tall  and  well  grown  to  yield  sawn  umber 
^l^kof-irdand  4th  site  quality  is  included  here,  and  the  occurrence  of  teak  in  an> 
quanthy^s  rdLt^  of  tie  type.  The  majority  of  the  tree  species  occurring  m  this  type 

coppice  freely  when  felled. 

distribution.— That  of  the  subgroup.  It  is  met  with  widely  in  S.  India 
extending  a  few  degrees  north  of  the  tropic. 

T  nr  AT  ITY  FACTORS.— Rainfall  1,000  to  1,250  (—1,750) 

LOCALITY  (-onditions  than  to 

is  often  quite  sharp  as  one  leaves  the  moister  valleys. 
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SUBDIVISION, — The  following  subtypes  are  recognised. 

Cl  a. — Very  dry  teak  forest 

Rainfall  less  than  900  min.;  dry  infertile  soils;  teak  in  low  to  fair  amount  mixed 
with  dry  deciduous  species;  ground  cover  scanty;  seedling  regeneration  practically 
absent;  fires  annual;  grazing  heavy. 

Cib. — Dry  teak  forest 

Rainfall  900  to  1,300  mm.;  shallow  or  porous  or  clayey  soils;  teak  present  in  high 
proportion,  sometimes  practically  pure;  undergrowth  high  and  patchv:  seedlings  in 
groups  and  patches;  fires  frequent;  grazing  heavy. 


Cla.  Very  dry  teak  forest 

Very  open  forest  of  very  poor  quality  on  stony,  detrital,  truncated,  and  shallow 
soils,  usually  derived  from  crystalline  rocks  or  trap. 

Characteristic  species  with  the  Tectona  are  Boswellia  serrata,  Artogeissus  latifolia, 
Sterculia  urens,  Cochlospermum  religiosum.  Acacia  catechu  and  occasionally  Anogeissus  pendula, 
especially  in  transition  zone  to  Anogeissus  pendula  edaphic  community. 

ILLUSTRATION.— Plate  38. 

FLORISTIGS.— 


(i)  Chittorgarh  Division,  Rajasthan. — 

I.  Tectona  grandis*  (c),  Terminalia  tomentosa  (c),  Anogeissus  latifolia*  {c),Emblica 
officinalis  (o),  Cochlospermum  religiosum*  (o),  Soymida  febrifuga  (c),  Diospyros 
rnelanoxylon  (f),  Miliusa  tomentosa  (o).  Cassia  fistula  (o),  Mitragyna  parvifolia 
(o),  Boswellia  serrata  (Ic),  Sterculia  urens  (r),  Butea  monosperma  (la),  Holoptelea 
integrifoha  (r),  Madhuca  indica  (o),  Aegle  marmelos  (o),  Dalbergia  paniculata  (c). 

II.  Acacia  catechu*  (a),  Gardenia  spp.,  Z^zyphus  xybpyrus,  Flacourtia  indica. 

III.  Carissa  carandas,  Securinega  leucopyrus,  Z^zyphus  nummularia,  Woodfordia 


IVa.  Cassia  tora,  Atylosia  spp. 

IVb.  Apluda  mutica,  Themedaspp.,  Dichanthium  annulatum. 

(ii)  Banswara  and  Udaipur  Divisions,  Rajasthan.- 

Mitragyna  parvifolbM^  Rn  tomentosa  {o) ,  Schrebera  swietenioides  (o), 

latifolia*  (c),  LblkJofficimlis7T'Tf  ^^^^^‘^^delica  (c),  Anogeissus 
{o),Dolichandrone  alrofirens  (v)  Paniculata 
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Ila.  Patchy.  Dendrocalamus  strictus. 

III.  Light.  Holarrhena  antidysenterica,  Helicteres  isora,  Carissa  spp. 

IVa.  Light.  Cassia  tora,  Borreria  hispida,  Ocimum  sp.,  Tridax procumbens,  Acanthaceae, 
Sida  spp.,  Moghania  spp. 

IVb.  Thvmdi  spp.,  Eragrostis  Apluda  mutica,  Mnesithea  laevis,  Heteropogon 

contortus,  Andropogon  pumilus,  Aristida  spp. 

(iii)  Ajanta,  Aurangabad  Division,  Maharashtra. — 

1.  Tectona  grandis*  (f),  Boswsllia  serrata*  (f),  Sterculia  mens  (If),  Anogeissus 
latifolia* [a) ,  Dalbergia  latifolia  (o),  Lannea  coromandelica  (f),  Salmalia  malabarica 
(o),  Azadirachta  indica  (o),  Cordia  dichotoma  (f). 

II.  Terniinalia  tomentosa  (o),  Acacia  catechu*  (a),  A.  leucophloea  (f),  Hardwickia 
binata  (If),  ^izyphus  spp.,  Wrightia  tinctoria. 

III.  JVyctanthes  arbor-tristis  (a),  Lantana  cainara  (la),  Gymnosporia  spinosa  (f),  Euphor¬ 
bia  sp.  (If). 

Clb.  Dry  teak  forest 

J^Iixed  dry  deciduous  forest  with  teak  usually  forming  the  major  proportion  of  the 
crop  on  shallow  porous  or  stiff  clayey  soils.  Characteristic  species  are  Anogeissus  latifolia , 
Diospyros  tomentosa,  Hardwickia  binata  and  other  common  dry  deciduous  trees. 

ILLUSTRATIONS.— Plates  39  and  40. 
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FLORISTICS.— 

(i)  Madhya  Pradesh  (General  florist ics). — 

I /I I.  Tectona  grandis*  (va),  Anogeissus  latifolia*  (a),  Diospyros  tomentosa*  (If). 
Pterocarpus  marsupium  (o),  Dalbergia  latifolia  (o),  Cassia  fistula  (o),  Butea  monos- 
perma  (o),  Adina  cordifolia  (o),  Mitragyna  parvifolia  (o),  Bridelia  retusa  (o),  Aegle 
marmelos  (o),  Lagerstroemia  parvifiora  [o),  Wrightia  tinctoria  {o),  Bauhinia  spp. 
(o),  Alangium  salvifolium  (o). 


Dendrocalamus  strictus  (la). 

Nyctanthes  arbor-tristis  (la),  Woodfordia  fruticosa  (r),  Helicteres  isora  (f),  Crema 
hirsuta  (f),  Gymnosporia  spinosa  (o),  Indigofera  pulchella  (o),  Adhatoda  vasica  (f), 
Carissa  spp.  (f),  Holarrhena  antidysenterica  (f),  Lantana  camara  (o). 

Cassia  tora  (f).  Euphorbia  spp.  (f),  Xanthium  strumarium  (o). 

Apluda  mutica  (f),  Aristida  spp.  (f),  Chloris  infiata  (f), 

I^ilema  laxum  (f),  Heteropogon  contortus  (f),  Themeda  quadrivalvts  (f),  Dichanthium 
'annulatum  (f). 

V.  Abrus  precatorius  (f)^  Acacia  caesia  (f),  Acacia  pennata 

(o),  Cryptolepis  buchanani  (f),  Millettia  auriculata  (o),  Ttnospora  cordtfoha  (o), 

Ventilago  calyculata  (o),  Z^zyphus  oenoplia  (o). 

Par.  Vanda  (r),  Loranthus  (f);  Viscum  (r),  Cuscuta  refieya  (o). 


Ila. 

III. 

IVa. 

IVb. 


nate  oy 


DRY  TEAK  FOREST 

Almost  pure  teak  on  murram  and  black  cotton  soil  overlying  trap.  Nimar  Division,  Madhya  Pradesh. 
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(ii)  Indore  and  Kannod,  Madhya  Pradesh.  niosbvros 

I  Tectona  erandis*  (va),  Terminalia  tomentosa,  Lannea  coromandelica  (  )> 

'  LL.m»  (f).  Mkma  indica  (0,  Miliusa  l«mnlosa  (f),  Amgetssus  lattfilm  (f), 
Sovmida  fibrifuga  (o),  Milmgyna  p-mfilia  (o),  serrda  (o),  Hardwickxa 

binata*  (o),  Dalbergia  paniculata,  Dillenia  pentagyna. 

II  Butea  mmo^perma  (f),  Buchananic  (o),  EmbUca  officimlis  (o),  Jislul. 

Z.  AcJa  catahu.  Bauhma  r^emsa  (o),  Hol.nh,na  anUdysent^na.  (If), 

Flacourlia  indica  (o),  Randia  dumetorum. 


Ila.  Dendrocalamus  strictus  (If). 

III.  Helicteres  isora  (f),  Calotropis gigantea  (o),  Grewia  sp.  (o),  Woodfordia  fruticosa  (If), 
Nyctanthes  arbor-tristis  (f). 

IVa.  Cassia  tora  (f),  Ocimum  sp.  (If),  Xanthium  strumarium  (If). 

IVb.  Themeda  quadrivalvis,  Heteropogon  contortus,  Cymbopogon  martimi,  Sehima  sulca¬ 
tum,  Iseilema,  Saccharum  spontaneum,  Aristida  sp. 

V.  Acacia  caesia  (f) ,  Z^zyphns  oenoplia  (f ) ,  Tinospora  cor  difolia  (o) ,  Abrus  precatonus  (r) . 


(iii)  Tenduchua,  jV".  Raipur  Division,  Madhya  Pradesh. — 

Tectona  grandis*  (20-90%),  Terminalia  tomentosa,  Diospyros  tomentosa* ,  Ano- 
geissus  latifolia*,  Cleistanthus  collinus,  Pterocarpus  marsupium,  Adina  cordifolia. 
Ougeinia  oojeinensis  (o),  Dalbergia  latifolia  (o). 


Ila.  Dendrocalamus  strictus  (a). 

III.  Helicteres  isora,  Strobilanthes  sp.,  Woodfordia  fruticosa. 

IV.  Themeda  triandra. 

V.  Bauhinia  vahlii. 


Note. — The  valley  areas  provide  transitions  towards  moist  deciduous  forest  but  the 
slopes  are  typical.  Rainfall  about  1,500  mm,  elevation  300-750  m. 

(iv)  Seoni  Division,  Madhya  Pradesh  {“Medium  quality  teak  forest  with  bamboos'*). — 

I/II.  Tectona  grandis*  (40%),  Terminalia  tomentosa,  Diospyros  melanoxylon* ,  Ano- 
geissus  latifolia*,  Lagerstroemia  parvifiora,  Emblica  officinalis,  Lannea  coromandelica, 
Ougeinia  oojeinensis  (1),  Pterocarpus  marsupium  (o),  Dalbergia  latifolia  (a). 

Ila.  Dendrocalamus  strictus  (a)  (impenetrable  masses). 

III.  Indigofera  pulchella,  Moghania  spp. 

IV.  Millettia  auriculata  (o),  Climbers  not  common. 

(v)  Banswara  Division,  Rajasthan.— 

I.  Tectona  grandis*  (va),  Boswellia  serrata*,  Lannea  coromandelica,  Anogeissus  latifo¬ 
lia  ,  Diospyros  tomentosa*,  Terminalia  tomentosa,  Butea  monosperma  (la) 
Hymenodictyon  excelsum  (r),  Cochlospermum  religiosum  (o).  Cassia  fistula,  Bauhinia 
racemosa,  Bridelia  retusa,  Ougeinia  oojeinensis,  Dalbergia  latifolia  (o),  Schrebera 
swtetenioides,  '  • 
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II.  Wrightia  tinctoria,  hlacourtia  indica,  ^izyphus  xylopyrtis. 

Ila.  Dendrocalamus  strictus. 

III.  Ilolarrhena  antidysenUrica,  Nyctanthes  arbor- tristis ,  Z^zyphus  nummularia. 

IVa.  Cassia  tora,  Ocimum  americanum,  Achyranthes  aspera. 

IVh.  Themeda  quadrivalvis,  Heteropogon  contortus,  Eragrostis  spp.,  Dichanthium  annula- 
turn,  Andropogon  pumilus,  Aristida  hystrix. 

(i)  Nirmal  Division,  Andhra  Pradesh. — 

I.  Tectona  grandis*,  Pterocarpus  marsupium,  Anogeissus  latifolia*,  Dalbergia  lati- 
folia,  Terminalia  tomentosa,  Chloroxylon  swietenia,  Lannea  coromandelica,  Dalbergia 
paniculata,  Salmalia  malabarica,  Terminalia  bellerica,  Madhuca  indica,  Lager- 
stroemia  parvijiora,  Boswellia  serrata,*  Sterculia  urens. 

II.  Diospyros  tomentosa*,  Buchanania  lanzan.  Acacia  chundra.  Acacia  leucophloea, 
Aegle  marmelos,  Soymida  febrifuga,  Wrightia  tinctoria,  Butea  monosperma,  Cleistan- 
thus  collinus,  Z^zyphus  xylopyrus. 

III.  Randia  dumetorum.  Cassia  auriculata,  Nyctanthes  arbor-tristis,  Helicteres  isora, 
Zizyphus  spp. 

(ii)  Dharwar  Taluka,  Kanara,  Mysore. — 

I/II.  Dillenia  pentagyna,  Kydia  calycina,  Terminalia  spp.,  Lagerstroemia  lanceolata, 
Adina  cor  difolia,  Tectona  grandis*,  Anogeissus  latifolia*,  Madhuca  indica, 

Buchanania  lanzan,  Salmalia,  Grewia  tiliaefolia,  Lannea  coromandelica,  Pterocarpus 
marsupium. 


Ila.  Dendrocalamus  strictus,  Bambusa  arundinacea  (1). 

III.  Lantana,  Santalum  album,  Dodonaea  viscosa,  Carissa  opaca. 


(iii)  Madras.  (LEGRIS  &  VIART)— 

I.  Tectona  grandis*,  Anogeissus  latifolia*,  Pterocarpus  marsupium,  Emblica  offici¬ 
nalis,  Boswellia  serrata*,  Bridelia  retusa;  occasional  Albizzia  odoratissima,  Termi¬ 
nalia  tomentosa,  T.  bellerica,  T.  paniculata,  Dalbergia  paniculata,  D.  latifolia,  Cme- 
lina  arborea,  Holoptelea  integrifolia. 

II.  Chloroxylon  swietenia,  Diospyros  montana,  Hardwickia  binata*,  Premna  tomentosa. 
Cassia  fistula,  Wrightia  tinctoria.  Acacia  chundra,  Atalantia  monophylla,  Canthium 

dicoccum,  Soymida  febrifuga. 


General  Note. — The  presence  or  absence  of  a  single  species  is  admittedly  a  poor 
basis  for  differentiation  though  an  aggressive  gregarious  domim-ni  such  Shorea  robus la 
may  reasonably  be  used  in  this  way.  The  absence  of  teak  In  dry  forest  is  often  difficult  o 
account  for  but  in  many  instances  intensification  of  the  dryness  of  the  locahty  physically 
or  ohvsiologically  is  definitely  the  cause,  and  m  very  general  terms,  the  dry  teak  forest 
in  the  moister  end  of  the  present  formation  and  the  dry  miscellaneous  the  drier 
end  An  ffiteresting  overlap  of  the  northern  Moist  sal  and  the  southern  Dry  teak  (approa- 
chtgmr«a^Ume.wUhinN.  Raipur  Division,  M.P„  especially  in, he  G.ndoiaarea, 


Facing  pagel85  Plate  41 


:t: 


3 

>o 

Q> 


"o  i 

c  nn 


rt 

<D 

z 


a 


ai 

iU 

r-* 


185 


Type  5^/C2/C3 


Preservation  Plot  (“Centenary”)  at  Sitadungri,  Satpura  Division  on  sand 


C2.  Red  Sanders  bearing  forest 


nRSCRIPTION.-As  described  for  the  subgroup  except  that  Plerocarpus  santalinus 


a  heavy  growth  of  grass. 

DISTRIBU  riON. — Cuddapah,  Kurnool,  Chittoor  and  Nellore  divisions  of  Andhra 
Pradesh . 

LOCALITY  FACTORS. —O  i  dry  hiHy  often  rocky  ground  usually  on  quartzite 
at  1 50  m.  to  760  m.  with  750  to  1 000  mm.  rainfall  distributed  as  shown  for  Cuddapah  (p.  1 79)  • 

ILLUSTRATION.— Plate  41. 

FLORISTICS.— 

(i)  S.  CtdUpih  Division,  Andhra  Pradesh.  (P.P.  3,  78  hect.)  430  m.  on  shale  with  some 
quartzite,  gravelly  soil. — 

I.  Plerocarpus  santalinus* (open) . 

II.  Absent. 

III.  Thorny  shrubs. 

IVb.  Grass. 

(ii)  S.  Cuddapah  Division,  Andhra  Pradesh. — • 

I.  Plerocarpus  santalinus*,  Anogeissus  latifolia*,  Hardwickia  binata,  Terminalia 
chebula,  T.  tomentosa. 

II.  Chloroxylon  swie tenia*,  Ery thro xy Ion  monogynum*,  Rnndia  dumetorum,  Doli- 
chandrone  atrovirens.  Gardenia  latifolia,  G.  gummijera  {dry  slopes),  Buchanania 
lanzan. 

III.  Grewia  sp.,  Croton  cabiosus,  Gmelina  asiatica,  Strobilanlhcs  sp.  (in  moist  locali¬ 


ties). 


IVb.  Heteropogon  contortus,  Cymbopogon  spp. 

Note.  Apparently  a  climatic  climax,  though  it  disappears  on  the  gneiss  of  the 
adjoining  Chittoor  Division  with  but  little  change  of  climate.  The  retreating  monsoon 
also  brings  ram  so  that  the  moistest  months  are  July  to  October  inclusive. 


C3.  Southern  dry  mixed  deciduous  forest 


present.  Grass  is  conspicuous  till  it  is  grazed  down  or  1 
but  may  be  heavy  locally  (RaMAmia  vahlii.  Acacia  spp.). 
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DISTRIBUTION. — That  of  the  subgroup,  being  especially  prevalent  In  the  drier 
localities  and  sites.  It  thus  occui's  throughout  Peninsular  India. 

LOCALITY  FACTORS. — Rainfall  875  to  1,125  rnm.,  upto  1,500  mm.  on  dry  sites 
and  soils.  Shallow  soiled  well  drained  hill  sides  or  undulating  ground  are  typical,  and  it  is 
often  difficult  to  decide  whether  the  occurrence  of  the  type  is  due  to  site  or  climate.  The 
forests  are  mostly  burnt  annually. 


ILLUSTRATION.— Plate  42. 

GENERAL  FLORISTIGS. — The  most  characteristic  tree  is  Anogeissus  latifolia, 
whilst  Terminalia  tomentosa  is  a  very  typical  associate.  Diospyros  tomentosa  is  also  common. 
Chloroxylon  swietenia,  Hardwickia  binata,  Boswellia  serrata  and  Soymida  febrifuga  are  very 
widespread  and  useful  indicators  as  they  are  absent  from  the  moist  deciduous  forests, 
but  their  occurrence  is  rather  sporadic  and  often  traceable  to  soil  factors.  Acacia  catechu 
is  often  present  indicating  the  relation  to  thorn  forests.  The  undergrowth  is  usually  thin 
with  a  fairly  dense  growth  of  grass  during  monsoon. 

(i)  Madhya  Pradesh. — 

I/II.  Terminalia  tomentosa* (f) ,  Anogeissus  latifolia* {i),  Mitragyna  parvifolia  (f), 
Schrebera  swietenioides  (o),  Madhuca  indica  (If),  Diospyros  tomentosa  (la),  Bucha- 
nania  lanzan  (o),  Lagerstroemia  parvi flora  (o),  Emblica  officinalis  (o),  Cassia 
fistula  (o),  Aegle  marmelos  (o),  Butea  monosperma  (o),  Santalum  album  (la), 
Albizzi<i  spp.  (o),  Boswellia  serrata  (o),  Chloroxylon  swietenia  (la),  Syzygium 
cumini  (la),  Hardwickia  binata  (la).  Acacia  arabica  (r),  Prosopis  juliflora  (r), 
Sterculia  urens  (r). 

III.  Jlyctanthes  arbor-tristis  (la),  ^iz'^phus  spp.  (o),  Helicteres  isora  (f),  Vitex  negundo 
(la),  Adhatoda  vasica  (f),  Gymnosporia  spinosa  (0),  Randia  dumetorum  (o), 
Flacourtia  indica  [o) ,  Grewia  spp.  (o),  IVoodfordiafruticosa  (o),  Balanites  aegyp- 
tiaca  (o)  Carissa  spp. (o'),  Holarrhena  antidysenterica  (o),  Lantana  camera  (o). 

IVa.  Cassia  tora  (f),  Achyranthes  aspera  i^f),  Abutilon  spp.  (f),  Corchorus  spp.,  Ocimum 
spp.(i). 

IVb.  Aplnia  m-itica  (f),  Aristida  spp.  (f),  Chloris  inflate  (f).  Eragrosticlla  spp.(f), 
Iseilema  laxum  (f),  Heteropogon  contortus  (f),  Themeda  quadnvalvis  (f),  Dichan- 
thium  annulatum  (f). 


(ii)  Bhandara  Division,  M.  P.— 

I/II  Terminalia  tomentosa*,  Cleistanthus  collinus*,  Lagerstroemia  parviflora, 
febrifuga,  Anogeissus  latifolia,  Chloroxylon  swietenia,  Aegle  marmdos, 
officinalis.  Acacia  catechu,  Pterocarpus  marsupium,  Z^zyphus  xylopyrus, 
oojeinensis,  Lannea  coromandelica. 


Soymida 

Emblica 

Ougeinia 


I  la.  Dendrocalamus  strictus  (hilly  parts  only). 

Ill’  Gardenia  resinifera,  G.  turgida,  Gymnosporia  spinosa  Jxora  arborea  Nyct^^^^^^ 
arbor-tristis,  IVoodfordiafruticosa,  Helicteres  isora,  Indtgofera  pu  c 

IVb.  Heteropogon  contortus,  Themeda  triandra  tic.,  Iseilema  laxum  (1). 
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Shorea  talura,  Pterocarpus 

7  FRI&C/64  ] 


SOUTHERN  DRY  MIXED  DECIDUOUS  FOREST 

8-mm, T.ra  3„d  Phoen.x 

Humchakatta,  Tirthihalle,  Mysore. 


burnt  and  grazed  forest. 

G.  Champion 
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Type  SA/Ci 


V.  Climbers  few. 
scandens. 


Zizyphus  oenoplia,  Acac  a  pennata,  Bauhinia  vahln,  Olax 


scaiiucn^. 

Note  -The  bamboo  is  absent  over  all  the  flatter  areas  in  which  tree  growth  is  poorer 
r  ^1,  interference  Terminalia  tomentosa  and  Cleistanthus  predominate  in  closed 

"o7.he  tt;  srs:  predominate,  on  poor  dry  calcareous  and 

quartzite  soils  especially  as  second  growth. 


(iii)  Dhinodar  hill,  Kutch,  Gujarat.— 

I/IT.  Sterculia  urens*,  Lannea  coromandelica,  Salmalia  malabarica,  Mortnga  oleifera. 
III.  Euphorbia  tirucalli,  Capparis  decidua,  Lawsonia  inermis. 

IVb.  Apluda  mutica. 

V.  Tinospora,  Tragia. 


(iv)  Bhamburda,  near  Poona,  Maharashtra.  (BURNS). — 

I/II.  Boswellia  serrata*,  Acacia  leucophloea,  Bauhinia  tomentosa,  Rhus  mysorenesis, 
Lannea  coromandelica,  Flacourtia  indica,  Cochlospermum  religiosum,  Anogeissus 
latifolia*,  Terminalia  tomentosa*,  Gymnosporia  spinosa,  Z^zyphus  mauratiana, 
Z-  oenoplia,  Z-  xylopyrus,  Azadirachta  indica,  Santalum  album,  Osyris  wightiana, 
Tectena  grandis,  Heterophragma  quadriculare,  Stereospermum  personatum,  Doli- 
chandrone  falcata. 

IVb.  Dichanthium  annulatum,  Chrysopogon  fulvus,  Panicum  isachne,  Iseilema  anthe- 
phoroides,  Heteropogon  contortus,  Aristida  sp.,  Sehtma  nervosum. 


(ILLUSTRATION.— BURNS,  /«</.  For.,  1931 ;  PL  31.) 

Note. — Open  grazing  area  at  600  m  \vith  650  mm.  rainfall,  on  traprock  with  black 
soil.  Trees  scattered  in  open  formation.  GARLAND  considers  this  area  as  a  “regressive 
subsere  of  mixed  deciduous  forest”  which  has  much  in  common  with  thorn  forest. 


(v)  Mount  Abu,  Rajasthan  (middle  slopes). — 

I/II.  Anogeissus  latifolia*,  Erythrina  suberosa,  Bosivellia  strrata* ,  Lannea  coromande¬ 
lica,  Sterculia  urens*,  Terminalia  bellerica. 

Ila.  Dendrocalamus  strictus. 

Note. — On  the  lower  slopes  consociations  cf  Anogeissus  pendula  ''pure'l,  Boswellia  and 
locally  pure  consociations  of  Butea  monospertra  dominate.  Even  on  the  top  at  elevation 
of  1500  m.  a  bioedaphic  climax  of  dry  deciduous  type,  of  which  Anogeissus-Euphorbia 
Phoenix  sylvestris  association  is  characteristic,  dominates  on  the  bare  metamorphic 
rocks.  Ultimately  on  the  barest  situations  only  Euphorbia  occurs. 

(vi)  Chirodi  R.  F.,  Andhra  Pradesh.— 

I.  Terminalia  tomentosa* (o) ,  Bauhinia  racemosa  (f),  Acacia  arabica  (o),  A.  catechu  (f), 
Boswellia  serrata*{f),  Buchanania  lanzan  (o),  Azadirachta  indica  (o),  Ougeinia 
oojeinensis  (r),  Flacourtia  indica  ly),  (6-8  m.  high). 
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II.  Gymnosporia  spinosa  (a),  Zizyphus  mauratiana  (a),  xylopyrus  (f),  Morinda 
tinctona  (r). 

III.  Mimosa  hamala  (a),  Terminalia  tomentosa  (whippy  seedlings  <x  m.  highl  ff) 
Grewiahirsuta  ({),  (i  m.  high).  8  M 

IVb.  Heteropogon  contortus  and  other  low  grasses. 

Note. — Formerly  heavily  grazed. 

(vii)  Cuddalore  JVallamalais,  S.  Kurnool  Division,  A.P. _ 

I/II.  Anogeissus  latifolia*  (40-80  per  cent),  Cleistanthus  collinus,  Terminalia 
tomentosa,  Pterocarpus  marsupium,  P .  santalinus  {\o) ,  Hardwickia  binata  {\o) , 
Tectona  grandis  (lo).  ’ 

lla.  Dendrocalamus  strictus. 

Ilia.  Heavy  grass  growth. 

(viii)  S.  Cuddapah  Division,  A.  P. — 

I/II*  Terminalia  pallida,  Sliorea  talura*,  S.  tumbuggaia,  Eugenia  alternifolia,  Mangi- 
fera  indica,  Albizzi^  odoratissima. 

III.  Phoen  ix  acaul is . 

IVb.  Heavy  grass  (annually  burnt). 

Note. — Tlais  type  forms  a  transition  to,  or  may  belong  to  the  moist  deciduous  forests, 
occurring  on  higher  slopes  and  plateaux  over  600  m. 

(ix)  Dharwar  Division,  Mysore. — 

I/H.  Acacia  catechu,  Anogeissus  latifolia*,  Terminalia  tomentosa,  Soymida  febrifuga, 
Chloroxylon  sivietenia,  Albizzia  amara.  Cassia  fistula,  Melia  azedarach,  Hard- 
wickia  binata,  Tectona  grandis  (lo),  Santalum  album. 

HI,  Lantana. 

IVb.  Fairly  good  growth  of  grass. 

(x)  Anthargange  Sample  Plot,  B’ladravati  Division,  Mysore. — 

I.  Anogeissus  latifolia*  (a),  Terminalia  chebula  (0),  Lagerstroemia  parviflora  (o)^ 
Terminalia  tomentosa*  (/),  T.  paniculata  (/),  T.  bellerica  {f),  Madhuca  indica 
(J),  Grewia  tiliaefolia  (o),  Tectona  (o),  Dalbergia  latifolia  (o),  Mitragyna 
parvifolia  (o),  Stereospermum  personalum  (o),  Albizzia  odoratissima  (o),  A. 
amara  (o),  Pterocarpus  marsupium  (o),  Schleichera  (o),  Strychnos  potatorum  (o), 
Lannea  (o),  Diospyros  montana  (r),  Schrebera  (r),  Soymida  (If),  Dalbergia  pani¬ 
culata  (o),  Hymenodiclyon*  (o),  Adina  (o),  Sterculia  urens*  (d),  Gmclina  (o). 

General  Note.-Iu  examples  (vii),  (ix)  and  (x)-the  patches  in  which  teak 

is  a  prominent  component  of  the  crop  could  also  be  considered  to  belong  to  Diy  tea, 

5a;gi. 
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II. 


Ila. 

III. 

IVb. 

V. 


Type  I  Sub-group 

n^vbhus  xylohyrus  (a),  Randia  dumetorum  (f),  Bauhinia  racemosa  (o), 
Sa  tei  (/),  EMica  offidmlis  (f),  Gard^m  latifolia  (f),  FhcmrUa.^ua 
(f),  Smtahm  (o),  Diospyms  mtlanoxykr,  (o),  Batea  momsperma  (o),  on 

xylon  (o). 

Dendrocalamus  strictus  (la). 

Holarrhena  (a),  Gardenia  turgida  (o),  Randia  uliginosa  (o),  Ixora  arborea  (r), 
Gardenia  gummifera. 

A  complete  cover  of  short  grass  including  Anstida. 

Zizyphus  oenoplia  (f),  Acacia  intsia  (f),  Celastrus  pamculala  (c). 
jvjoTE.— On  hill  slopes  Anogeissus  latifolia  often  strongly  predominates  forming  nearly 
pure  associations. 

(xi)  C.  Salem  Division,  Madras. — 

I/II.  Shorea  talura*,  Dalbergia  latifolia,  Terminalia  (omentosa,  T.  chebula,  T.  pani- 
culata,  Pterocarpus  marsupium,  Albizzia  odoratissima,  Anogeissus  latifolia, 
Cassia  fistula,  Hardwickia  binata,  Santalum  album. 

Ila.  Dendrocalamus  strictus. 

IVb.  Good  deal  of  grass. 

Note. — This  form  occurs  at  higher  elevations,  thorn  scrub  predominating  lower 
down. 

(xii)  Anantapur  Division,  Madras.  (Miscellaneous  pole  forest). — 

I/II.  Hardwickia  binata,  Anogeissus  latifolia*,  Chloroxylon  swietenia,  Erythroxylon 
monogynum.  Acacia  chundra. 


Sub-group  5B.  Northern  Tropical  Dry  Deciduous  Forests 

1.  NOMENCLATURE 

Types  under  the  following  names  are  included: 

Punjab  .......  Riverain  shisharn  forests. 

Scrub  forests.  (Working  Plans). 

Uttar  Pradesh  ......  Dry  sal  forests. 

Dry  mixed  deciduous  forests  (Bundelkhand,  KAN- 
JILAL). 

Dry  deciduous  forest. 

Upper  monsoon  forest  (DUDGEON  and  KEKOYER). 
Miscellaneous  low  hill  deciduous  forest  (OSMASTON). 
Bel  forests  (Bahraich  and  Gonda). 
forest.  (OSMASTON). 

Shorea-Ana£eissus-Pmus  association  (part)  (OSMASTON). 
Bauhinia  formation.  (KENOYER). 

Deciduous  riverain  forests  (OSMASTON). 

Khair-Sissu  forests.  (Working  Plans). 
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Bihar  and  Orissa 


Bengal 


Dry  sal  forests. 

Dry  mixed  forests  (HAINES). 
Dry  mixed  forests  (small  parts). 


2.  GENERAL  DESCRIPTION 


The  general  appearance  of  the  northern  tropical  dry  deciduous  forest  is  very  closely 
similar  to  that  of  its  southern  counterpart,  differing  most  noticeably  in  the  presence 
of  certain  conspicuous  northern  floristic  constituents  and  the  absence  of  some  of  the 
characteristic  southern  species,  and  in  the  typically  rather  different  physiography  and 
soils  which  also  affect  the  composition  and  structure  to  some  extent.  The  upper  canopy 
is  light  but  probably  fairly  even  and  continuous  in  the  climax  form ;  the  latter  is,  however, 
very  rarely  encountered  and  an  irregular  often  broken  canopy  is  usual  in  consequence, 
the  trees  having  relatively  short  boles  and  poor  form,  and  a  height  rarely  over  15  m.  and 
often  much  less.  This  canopy  is  formed  entirely  of  deciduous  trees  most  of  which 
extend  to  the  moist  deciduous  forests  with  far  better  development. 


There  is  a  considerable  intermixture  of  rather  smaller  trees  which  in  this  type  form 
part  of  the  main  canopy  though  in  the  moist  deciduous  they  may  be  in  the  second  storey. 
There  is  usually  a  thin  shrubby  undergrowth  including  some  evergreen  xerophytic 
species.  feature  of  the  forest  is  the  contrast  between  the  hot  weather  condition  w-hen  it 
is  entirely  leafless  and  the  soil  fully  exposed,  and  the  monsoon  condition  wlien  it  takes  on 
an  almost  luxuriant  appearance  from  the  growth  of  an  ephemeral  herbaceous  vegetation 
coupled  with  the  leafing  out  of  the  trees  and  shrubs.  Only  one  species  of  bamboo  occurs 
but  is  an  important  feature  in  some  sub-types;  it  also  is  leafless  during  the  hot  weather. 
Grziss  is  alw'ays  present  and  is  nearly  always  burnt  off  annually;  it  does  not  include  any 
of  the  large  forms. 


3.  DISTRIBUTION 

Throughout  northern  India  except  in  the  eastern  parts  which  are  too  moist 
(apart  from  restricted  localities  with  exceptionally  intensive  drainage)  and  in  the  most 
western  parts  which  are  too  dry.  Uttar  Pradesh,  Bihar,  Orissa  and  Punjab  include  the 
most  extensive  occurrences,  whilst  Madhya  Pradesh  and  Bundelkhand  (U.  P.)  provide 
transitions  between  the  northern  and  southern  variations.  As  an  edaphic  climax,  it  is 
met  with  in  areas  of  varying  extent  through  much  of  the  moist  deciduous  type  affecting 
such  sites  as  south  facing  hill  sides,  flat  hill  tops,  eroded  ground  and  high  intensively 
drained  gravel  terraces.  It  extends  with  but  little  change  up  the  lower  slopes  of  the 
Himalaya,  particularly  on  the  outer  ranges,  to  about  i  ,250  m.  and  sometimes  even  higher, 
rapid  drainage  and  strong  insolation  discounting  the  effects  of  the  often  relatively  high 

rainfall. 


4.  LOCALITY  FACTORS 

Temberalure— The  temperature  variations  for  a  selection  of  fairly  representative 
localities  for  which  data  are  available  are  tabulated  on  the  next  page.  Jhansi  marks  the 
transition  to  the  southern  form. 
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The  mean  annual  temperature  is  normally  24”  to  afC  tlropp.ng  ^thor  tevver  aM 

northern  limit  (..5.  Ludhiana).  The  high  summer  temperatures  are  a  characteristic  fea 

„r  Wghest  temperatures  reeorded  being  about  43°C),  all  stations  having  a  mean  m.ni- 
Tm  or  over  ifCand  a  mean  maximum  over  3o"G  indieatlng  a  b.g  seasonal  range  the 
daily  range  being  also  great.  The  mean  temperature  for  January  averages  about  ,5.0c 

and  the  lowest  reeorded  minimum -g.  a- to  6. C.  The  hottest  month  is  June,  with  a 

monthly  mean  over  30°C. 

Temperature  data  [centigrade) 

Northern  Tropical  Dry  Deciduous  Forests 


State,  Station 
Altitude 

J.  &K. 
JAMMU 

336  m. 

Punjab 

LUDHIANA 

248  m. 

Uttar  Pradesh 
ROORKEE 

274  m. 

Uttar  Pradesh 
LUCKNOW 

113  m. 

Temperature 

°C 

Month 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

January 

13-6 

i8'4 

8-8 

7-7 

19-4 

6*5 

13-4 

20*2 

6-5 

15-8 

23*3 

8*4 

February 

«5‘5 

20-3 

10’  7 

10-3 

2I'8 

8-6 

I5'4 

22-5 

8-3 

18-3 

25*9 

10*8 

March 

20-6 

26'  I 

15-2 

«5'9 

28-4 

*3-5 

20*8 

28-8 

12*8 

24’ 3 

32*7 

15*9 

April 

26'4 

32-2 

20- 5 

22-9 

35'4 

19-2 

26-9 

35-4 

18-3 

30- 1 

38*6 

21*6 

May 

32- 1 

37-7 

26-4 

28-8 

40*  X 

24-3 

31*2 

39-0 

23-3 

33-3 

40’ 8 

25*7 

.June 

33-6 

39-2 

28-  I 

3U’4 

39-8 

27.2 

31-9 

37-9 

26-0 

32-8 

37*9 

27*6 

July 

30-8 

35-2 

26-3 

29-1 

36-3 

26-8 

29-5 

33*4 

25'6 

30-0 

33*6 

26*4 

August  , 

29-3 

33-2 

25-4 

28-0 

34-9 

26’ 2 

28-6 

32- 1 

25-1 

29-2 

32*5 

25*9 

.September 

28-9 

33-3 

23-9 

26*2 

34-9 

23'3 

27-7 

32-5 

22'8 

29*0 

33*3 

24.7 

October 

25-4 

31*2 

19-6 

20'6 

33-5 

17-3 

23-8 

31-2 

i6’3 

26*  I 

33*0 

19-2 

November 

19-5 

25-6 

•3-4 

13- 1 

27-4 

10*6 

i8*2 

26’4 

9-8 

20*6 

28-8 

12-3 

December 

‘4'5 

20*0 

9-5 

8-3 

21*6 

6-8 

14-1 

21  "8 

6-3 

.6-4 

24*4 

8*5 

Annual  mean  . 

24*2 

20*  I 

23-4 

.  . 

25-5 

.  • 

Annual  mean 
maximum 

29-4 

31-2 

.  , 

30- 1 

32*  1 

Highest  record  . 

? 

4I-3 

46-7 

.  . 

.  . 

28-3 

.. 

Annual  mean 
minimum 

19-0 

17-6 

.  . 

,  . 

i6-8 

.. 

18-9 

Lowest  record  . 

p 

—  ••7 

— 2-2 

.  . 

.  . 

1*7 

.. 

No.  of  years 
(up  to  1955). 

? 

50 

60 

(1940) 

•  • 

•  • 

60 
(  to 

>940) 
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Temperature  data  {centigrade) — concld. 


State,  Station 
Altitude 

Uttar  Pradesh 
JHANSI 

251  m. 

Uttar  Pradesh 
V.\RANASI 

76  m. 

West  Bengal 
MIDNAPUR 

45  m. 

Rajasthan 

KOTAH 

257  m. 

Temperature 

G 

Month 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

January  . 

i7-2 

24-5 

9-9 

i6'2 

23-4 

8-9 

20*  I 

27-1 

13-1 

17-8 

25-1 

io’6 

February 

19-8 

27-2 

12-3 

i8-8 

26*3 

I  1*2 

22-9 

29-7 

i6-2 

20-4 

27*8 

13-0 

March 

CO 

3-6 

i8'0 

24-8 

33- « 

16-4 

27-9 

35- 1 

20- 8 

26‘  I 

33-7 

i8'4 

April 

31-7 

39-2 

24'  I 

30-4 

38-8 

22*0 

3f4 

38-3 

24' 6 

31-5 

38-7 

24-3 

May 

35-6 

42-5 

28-6 

33-5 

CO 

b 

26’  2 

31-8 

37-7 

25'9 

35-6 

42*0 

29-2 

June 

34-6 

40 '0 

29-2 

33- 1 

38-3 

27-8 

30-4 

34' 8 

26‘2 

35-0 

40-4 

29-5 

July 

29'9 

33-7 

26-2 

30-0 

33-4 

26-5 

29- 1 

32- 1 

26*  I 

30-5 

34-4 

26‘6 

August  . 

28-5 

31-8 

25-1 

28-9 

32-0 

25-8 

28-8 

31-8 

25-8 

28-  7 

32-0 

25-4 

September 

28-8 

33-2 

24-3 

29-0 

32-8 

25-2 

28-8 

32-1 

25-6 

29- 1 

33-5 

24-7 

October  . 

27’  2 

33-9 

20-3 

26-3 

32-5 

20’0 

27-4 

3i’7 

23-0 

28- 1 

34‘8 

21'3 

November 

21-9 

29-7 

14-2 

20-8 

28-3 

i3’3 

23‘3 

29- 1 

17-4 

22‘7 

30-4 

15-1 

December 

17-9 

25-6 

10-3 

i6'5 

24-0 

9-0 

19-8 

*6‘6 

13-1 

i8-7 

26' 2 

11*2 

Annual  mean  . 

26 '6 

,  . 

. . 

25*7 

26‘8 

27-0 

•  • 

•  • 

Armual  mean 
maximum 

32-9 

32-0 

.  , 

32-2 

•• 

•• 

33-3 

•  • 

Highest  record  . 

47-8 

. « 

47-2 

47-2 

•• 

47-8 

•  • 

•  * 

Annual  mean 
minimum 

20"  2 

i9'3 

.  , 

2I'5 

•• 

20’  8 

•• 

Lowest  record  . 

0'6 

,  , 

.  . 

1-7 

6-1 

•• 

1-7 

•  • 

•  * 

No.  of  years 
(upto  1955)  • 

60 

(  to 

1940) 

60 

•• 

50 

•  * 

40 

nainfail  an,  .ypica, 

falling  in  the  short  monsoon  period  J  y  P  ’  ^  to  alter  the  climate  from  the 


Rainfall  {millimetres) 

Northern  Tropical  Dry  Deciduous  Forests 
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Soil. — The  greater  part  of  the  climax  type  is  found  on  the  alluvial  soil  of  the  Indo- 
Gangetic  plain  and  the  Tertiary  Siwalik  formations  adjoining  it,  but  there  are  consi¬ 
derable  areas  on  older  rocks  both  crystalline  and  sedimentary  south  of  the  plains  in  Bihar, 
Orissa  and  parts  of  the  Uttar  Pradesh.  It  is  also  encountered  on  the  older  rocks  of  the 
Himalaya  where  these  descend  to  low  enough  altitudes. 

Physiography. — Mostly  on  the  plains  and  low  hills,  being  particularly  associated  with 
eroded  hill  sides  and  alluvial  terraces. 


5.  GENERAL  FLORISTICS 

The  majority  of  the  tree  species  which  are  most  abundant  and  contribute  most  to 
the  general  appearance  of  the  forest  also  occur  in  the  southern  form  but  several  chara¬ 
cteristic  trees  of  the  latter,  such  as  teak,  Chloroxylon,  Soymida,  Cleistanthus  arc  rare  or  absent, 
undoubtedly  directly  or  indirectly  owing  to  the  colder  winter.  The  trees  of  the  type  are 
also  mostly  common  to  the  moist  deciduous  forest  with  a  rather  larger  element  (as  also 
among  the  undergrowth)  from  the  still  drier  thorn  forest.  Anogeissus  latifolia  is  very  wide¬ 
spread  in  the  type  and  Buchanania  lanzan,  Sterculia,  Bauhinia  spp.,  and  poorly  grown  Termi- 
nalia  tomentosa  are  the  most  usual  associates.  Among  shrubs,  Woodfordia  and  Indigofera 
pulchella  are  very  generally  present  and  Carissa  opaca  is  often  very  abundant.  Hetero- 
pogon  contortus  and  Eulaliopsis  binata  are  the  most  characteristic  grasses. 


6.  SUBDIVISIONS,  SUCCESSIONS,  ETC. 

The  following  types  are  distinguished: 

Cl  Dry  sal-bearing  forest 

Co.  jYorthern  dry  mixed  deciduous  forest 


SUCCfcSSIONAL  RELATIONSHIPS  IN  NORTHERN  DRY 

DECIDUOUS  FOREST 


(MOIST  DECIDUOUS  FOREST) 

t 

DRY  SAL  forest-*-  DRY  MIXED  DECIDUOUS  FORE  ST -DRY  BAMBOO  BRAKE. 
dry  riverain  FOREST  THORN  SCRUB 


Ci.  Dry  sal-bearing  forest 

DESCRIPTION. — Shorea  robusta  of  low  quality  and  height  predominates  but  is 
.oreTxcd  with  Cher  species  .ha„  in  .he  mois.  deciduous  fores.s  a„d.s 
into  characteristically  pure  groups  or  mixed  patches  of  vaiymg 


Facing  page  195 


1 


DRY  SI  /VALIK  SAL  FOREST 

Heavily  lopped  sal  with  some  chir  near  the  western  limit  of  its  range  on  dry  steep  hill  slopes. 

7FRiSiC/64]  Renuka,  Nahan  Division,  Himachal  Pradesh.  S.  K.  Seth 


Type  5BICllSub-iype  5BiC\a 
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its  associates  predominate.  The  forest  is  rarely  over  i8  m.  high  and  the  canopy  is  irregular. 
Badly  shaped  boles  and  hollow  stems  aie  prevalent.  Anogeissus  lati folia  and  Buchanania 
lanzan  are  the  most  constant  associates.  An  undergrowth  of  grass  is  usual.  Bamboo  may 
or  may  not  occur.  Regeneration  of  sal  is  slow  and  difficult.  The  sal  is  leafless  for  several 
weeks  in  this  type. 

DISTRIBUTION.— Locally  in  the  Punjab,  in  Himachal  Pradesh  and  cKtensively 
in  Uttar  Pradesh  in  the  Siwalik  hills  and  on  the  Gangctic  alluvium,  and  in  the  hilly- 
tracts  of  Bihar,  Orissa,  West  Bengal  and  Madhya  Pradesh. 

LOCALITY  FACTORS. — The  climate  is  more  or  less  indicated  by  the  data  given 
on  p.  193  for  Hoshiarpur  and  Palamau.  These  two  stations  represent  the  dry  limit  foi  the 
occurrence  of  Shorea  robusta  and  so  for  the  moistcr  half  of  the  range  carrying  the  northern 
dry  deciduous  forests.  Rainfall  may  be  as  low  as  900  mm.  with  1,000  mm.  more  typical, 
and  on  poor  soils  anything  up  to  1,500  mm.  The  mean  relative  humidity  for  the  year  is 
under  60  and  for  March  under  45.  The  soil  may  be  alluvial  or  sandy  overlying  sandstones 
and  conglomerates  as  in  the  Siwaliks,  or  old  red  soils  as  on  the  hills  south  of  the  Ganges. 
Intensive  drainage  and  a  long  dry  season  are  characteristic. 

SUBDIVISIONS.— 

Three  subtypes  are  recognized: 

Cia — Dry  Siwalik  sal  forest. 

Ci^ — Dry  plains  sal  forest. 

Cic — Dry  peninsular  sal  forest. 


Cia.  Dry  Siwalik  sal  forest 


and  completely  drained.  The  typical  site  Quality  is 
and  very  slow  and  difficult  to  obtain.  Forms  transiti( 
are  of  frequent  occurrence.  Bamboos  occur  locally. 


Characteristic  associates  are  : 


I.  Anogeissus  latifolia. 

11.  Buchanania  lanzan. 


III.  Woodfordia  fruticosa,  Indigofera  pulchella. 
IVb.  Eulaliopsis  binata. 

ILLUSTRATION.— Plate  43. 

FLORISTICS.— 

(i)  Saharanpur  Siwaliks,  Uttar  Pradesh.— 


tomentosa. 
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II.  Emblica  officinalis y  Ougeinia  oojeinensis,  Cassia  fistula. 

I  la.  Dendrocalamus  slrictus. 

III.  Woodfordia  fruticosa.  Indigofer  a  pulchella,  Colebrookia  oppositifolia. 

IVb.  Eulaliopsis  binala,  Heteropogon  contortus. 

V.  Bauhinia  vahlii. 

(u)  Haldwani  Division,  Uttar  Pradesh. — 

I.  Shorea  robusta,*  Anogeissus  latifolia,*  Diospyros  tomeniosa,  Terminalia  tomentosa, 
Schleichera  oleosa.  Acacia  catechu. 

II.  Cassia  fistula,  ^izyphus  xylopyrus. 

Ila.  Dendrocalamus  strictus  (a). 

III.  Nyctanthes  arbor-tristis  etc. 

IVb.  Eulaliopsis  binata,  Chrysopogon  fulvus,  Heteropogon  contortus. 

General  Note. — Species  more  usually  associated  with  the  moist  type  may  be 
locally  abundant,  such  as  Lagerstroemia  parvifiorea,  Ehretia  laevis,  Mallotus  philippensis,  Miliusa 
velutina  etc.  (For  ecological  relationships,  please  see  page  197). 


Cib.  Dry  plains  sal  forest 


This  subtype  is  commonly  met  with  on  fiat  ground  in  the  area  occupied  by  moist 
bhabar  sal  (sC/Cab)  and  moist  plains  sal  (sC/Cad)  in  Uttar  Pradesh.  The  best  known 
examples  are  in  Ramnagar  (Jaspur),  Haldwani  (Malani)  and  Bahraich  (Motipur). 
In  the  West,  it  occurs  at  the  lower  end  of  the  bhabar,  slightly  above  the  bhabar-tarai  transi¬ 
tion  and  spring  levels  are  usually  low.  The  rainfall  is  at  the  lower  limit  for  moist  type  and 
maximum  temperatures  higher.  The  top  soil  may  be  rather  clayey,  the  subsoil  also  clayey 
often  with  dense  clay  layers  almost  forming  a  pan,  underlain  by  gravel  or  coarse  sand. 
There  is  superficial  water-logging  in  the  rains,  the  surface  drainage  also  being  sluggish* 

Recurring  waves  of  mortality  are  characteristic,  reducing  the  forest  to  a  mixed  dry 
deciduous  type.  Terminalia  tomentosa,  Pterocarpus  marsupium,  Madhuca  indica,  Diospyros 
tomentosa  etc.  (in  Bahraich)  increase  in  proportion  being  less  susceptible  to  drought  In 
Bahraich,  the  Aegle  association  present  on  dry  yellow  clay  outcrops  has  been  extending. 

Typical  Site  Quality  III:  regeneration  practically  nil.  The  most  characteristic 
associate  is  perhaps  Aegle  marmelos. 


floristics.— 

(i)  Jaspur,  Ramnagar  Division,  Uttar  Pradesh. 

1.  Shorea  robusta*,  Terminalia  tomentosa,  T.  bellerica,  Diospyros  tomentosa*,  Anoge¬ 
issus  latifolia. 

II  Miliusa  velutina,  Buchanama  lanzan,  Semecarpus  anacardium  Acacia  catechu, 
Zizyphus  xylopyrus,  Z-  mauratiana,  Mallotus  philippensis,  Aegle  marmelos, 

III.  Clerodendrum  viscosum,  Glycosmis  pentaphylla. 
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IVb.  Imperata  cylindrica,  Eulaliopsis  binata. 

(ii)  Motipur,  Bahraich  Division,  Uttar  Pradesh— 

1.  Shorea  robusta*  Adina  cordifolia,  Lannea  coromandelica,  Terminaha  tomentosa,  T. 
bellerica.  Stereospermum  suaveolens,  Madhuca  indica* ,  Ficus  spp.,  Diospyros 
tomentosa*,  Acacia  catechu,  Aegle  marmelos*. 

II.  Feronialimonia,Miliusavelutina,  Cassia  fistula,  Semecarpus  anacardium,  Ougeinia 
oojeinensis,  Butea  monosperma, 

III.  Murraya  koenigii,  Carissa  opaca,  Helicteres  isora,  Aioghania  chappar,  Glycostnis. 

V.  Tiliacora  acuminata,  Bauhinia  vahlii.  Acacia  pennata,  Clerodendrum  viscosum. 

% 

ECOLOGICAL  RELATIONS.— 

BHATNAGAR  (i960)  has  distinguished  the  following  communities  in  the  dry  sal 
forests  of  Uttar  Pradesh.  The  successional  relationships  are  shown  below  : 

(Gia,  Gib)  Shorea- Anogeissus-Colebrookia  (stable  preclimax;  poor  sal  regeneration). 

Greater  I 

moisture  v 

(Cia,  Gib)  Shorea-Terminalia-Glycosmis  (dry  climax;  fine  sal  regeneration). 

Protection  (Ai  A2) 

(Cib)  Shorea-Ougeinia-Carrisa-Sida  (biotic  subclimax,  erratic  poor  sal  regeneration). 

In  a  later  study  SRI  VAST AVA  (1962)  has  postulated  the  following  relationships. 
The  typical  society  of  each  association  is  given  within  brackets. 


Series 


SmREA-MALLOTUS-CLERODEN-DRUM- 


Moderately  dry  faciea 


Dry  facLoa 


(Cla)  Terminalia-Anogiissus-Buchanania . 


(Cla)  Terminjl^a-Syaggiumr-Cordia 


(Cla,  Clb)  Bhretia^Lageretroemict-Ccund 
( ■^tllcttia-  Rogostemon- Murraya) 


( Moghaaia-  Colebrookia-Sida) 


{3C/C2b  [Lagerstroeniia  -<••••— ..J 


Progressfoa. 

Degrskdation. 


15—7  F.  R.  I.  &  C./64 
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Cic.  Dry  peninsular  sal  forest 

This  subtype  occurs  on  shallow  soils  derived  usually  from  crystalline  and  metamor- 
phic  rocks  wherever  the  soil  moisture  conditions  are  unfavourable  for  the  development 
of  moist  sal,  even  in  areas  with  a  much  higher  rainfall.  The  soil  often  rests  directly  on  hard 
impervious  laterite  and  is  sometimes  calcareous.  Typical  Site  Quality  III-IV;  Sal 
regeneration  fair  but  slow. 

Characteristic  associates  are: 

I.  Anogeissus  latifolia,  Boswellia  serrata. 

II  &  III.  Gardenia  spp.,  Wendlandia  tinctoria,  Phoenix  acaulis. 

IVb.  Eulaliopsis  binata. 

ILLUSTRATION.— CHAMPION,  1933;  Plate  i. 

FLORISTICS.— 

(t)  Singhbhum,  Bihar. — 

(1)  Shorea-Anogeissus-Woodfordia  association  (MOONEY). 

1.  &  II.  Shorea  robusta*(a),  Anogeissus  latifolia*  (a),  Boswellia  serrata*  (lo)  Cochlo- 
spermum  religiosum  (o),  Dillenia  aurea  (o),  typhus  xylopyrus  (f).  Gardenia 
gummifera  (a). 

III.  Woodfordia  fruticosa  f),  Wendlandia  tinctoria  (o),  Grewia  hirsula  {o),  Phoenix 
acaulis  (o). 

IVa.  Blumea  flava  (o),  Vicoa  indica  (o). 

IVb.  Arundinella  setosa  (a),  Eulaliopsis  binata  (If),  Pseudopogonatherum  conlorlum  (f). 

V.  No  climbers. 

(2)  Shorea-Gardenia-Eulaliopsis  association. 

I.  &  II.  Shorea  robusta*{a),  Buchanania  lanzdn  (i),  Eugenia  caryophyllifolia  (a).  Gardenia 
gummifera*  (a),  Madhuca  indica  (o),  Diospyros  tomentosa  (o),  Emblica  offici¬ 
nalis  (o). 

Ila.  Cephalostachyum  pergracile  (lo). 

III.  Wendlandia  tinctoria  (f),  Phoenix  acaulis  (f). 

IVa.  Blumea  Jlava,  Vicoa  indica. 

IVb.  Arundinella  setosa  (a),  Pseudopogonatherum  contortum  (a),  Eulaliopsis  binata 
(f,  Iva),  Thysanolaena  maxima  (lo),  Pogonathesum  paniceum  {\f) . 

(ii)  Laterite  tract,  West  Bengal. — 

I.  &  II.  Shorea  robusla*,  Madhuca  indica,  Terminalia  bellerica,  T.  tomentosa,  Plero- 
carpus  marsupium,  Diospyros  tomentosa,  Schleichera  oleosa,  Buc  ananta  , 

Semecarpus  anacardium,  Salmalia  malabarica  (o),  Gmelina  ar  orea  (o), 
nalia  chebula  (o),  Anogeissus  latifolia*  (o) ,  Soymida  febrifuga  (o). 


Sub-type  ^BjCic 
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In  hilly  areas  only— Boswellia  serrata*,  Sterculia  urens.  Acacia  catechu,  Bauhinia 
spp.,  Dalbergia  latifolia,  Ougeinia  oojeinensis,  Mallotus  philippensis. 

Ila.  Dendrocalamus  (Ic  in  hills). 

III.  Very  scanty  in  plains,  mainly, 

Cleistanthus  collinus,  Holarrhena  antidysenterica,  Nyctanthes  arbor-tristis.  Garde¬ 
nia  giimmifera,  Woodfordia  fruticosa,  Butea  monosperma,  Zizyphus  mauratiana. 

IVb.  Heteropogon  contortus,  Chrysopogon  aciculatus,  Saccharum  spontaneum,  Desmosta 
chya  bipinnata,  Aristida  setacea,  Bothriochloa  pertusa,  Eragrostis  spp. 

V.  Combretum  decandrum. 


(iii)  West  Sambalpur,  Orissa. — 

I.  Shorea  robusta*,  Terminalia  tomentosa,  Pterocarpus  marsupium,  Anogeissus 
latifolia*,  Lagerstroemia  parvijlora,  Adina  cordifolia,  Terminalia  bellerica. 
Acacia  catechu,  Buchanania  lanzan. 

II.  Cleistanthus  collinus,  Chloroxylon  swietenia,  Emblica  officinalis.  Cassia  fistula, 
Terminalia  chebula,  Wendlandia  tinctoria,  Symplocos  racemosa. 

Ila.  Dendrocalamus  strictus. 

III.  Indigofera  pulchella,  Phoenix  acaulis  (la). 


(iv)  South  Raipur  Division,  Madhya  Pradesh. — 


I.  Shorea  robusta*,  Terminalia  tomentosa,  Pterocarpus  marsupium,  Madhuca  indica, 
Anogeissus  latifolia*,  Boswellia  serrata*. 

II.  Buchanania  lanzan,  Diospyros  tomentosa,  Terminalia  chebula,  Emblica  officinalis, 
Ougetnia  oojeinensis,  Kydia  calycina,  Bauhinia  retusa,  Cleistanthus  collinus, 
Bridelia  retusa. 


III.  Woodfordia  fruticosa,  Indigofera  pulchella,  Nyctanthes  arbor-tristis,  Moghania 
semi-alata,  Ixora  arborea,  Grewia  spp.,  Phoenix  acaulis. 

Themeda  quadrivalvis,  Thysanolaena  maxima,  Cynodon  dactylon. 

V.  Bauhinia  vahlii,  Butea  superba,  Smilax  zeylanica. 


a,  indta^grtauhis 

ter  and  deener  soil,  tu  ^  ,  relation  of  a  postclimax  association  on  mois- 

.e  ^ 

(v)  Pachmarhi  Plateaux,  Madhya  Pradesh.— 

Pamfora  (f),  n  <')■  l^g'rslrcmia 
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III.  Sophora  mollis  (la),  Rhus  trifoliatus  (f),  Dodonaea  viscosa  (If),  Holarrhena  anti- 
dysenterica  (f),  Phoenix  acaulis  (o). 

IVa.  Senecio  sp. 

IVb.  Heteropogon  contortus. 

V.  Clematis  (f),  Bauhinia  vahlii  (r). 

Note. — This  appears  to  be  the  highest  limit  for  dry  sal.  The  type  is  undoubtedly 
edaphically  conditioned,  occurring  on  dry  sandy  pebbly  soil  derived  from  Pachmarhi 
sandstones  and  conglomerates,  in  a  climate  where  the  natural  vegetation  should  be  sub¬ 
tropical  wet  hill  forest. 


G2.  Northern  dry  mixed  deciduous  forest 


DESCRIPTION. — The  general  description  for  the  subgroup  applies  particularly 
to  this  type.  Some  species  form  contensive  consociations,  notably  Anogeissus  latifolia, 
Boswellia  serrata  and  Cleistanthus  collinus,  the  latter  two  being  more  characteristic  of  the 
southern  type  although  Boswellia  extends  upto  the  Saharanpur  Siwaliks.  Anogeissus  often 
monopolises  southern  aspects  on  the  hills.  Cochlospermum  is  often  gregarious  on  very  dry 
rocky  ground. 

In  most  localities  the  tree  canopy  has  been  seriously  broken  by  human  activities, 
so  that  scattered  trees  and  small  groups  are  now  typical.  In  the  climax  state,  however, 
it  would  appear  that  this  upper  canopy  would  be  thin  but  fairly  complete,  most  trees 
having  low  spreading  crowns.  Transitions  to  the  still  drier  types  would  be  characterised 
by  a  broken  top  canopy.  Many  tracts  are  at  present  occupied  almost  exclusively  by  large 
shrubs  and  small  trees  such  as  JVyctanthes  arbor-tristis,  and  it  is  now  difficult  to  determine 
just  how  far  their  condition  is  due  to  maltreatment. 

DISTRIBUTION. — Throughout  the  territory  of  the  sub-group  as  stated  on  p.  190. 


LOCALITY  FACTORS. — Climate  and  rainfall  factors  are  given  on  pp.  191-193. 
The  transition  between  this  type  and  the  moist  deciduous  forest  is  usually  drawn  out 
but  it  is  often  sharp  on  varied  terrain  where  any  change  of  soil  or  topographical  position 
resulting  in  drier  soil  conditions  may  at  once  cause  a  change  in  type.  Similarly  Awards 
the  N.W.,  the  change  to  thorn  forest  involves  extensive  transitional  forms  much  influen¬ 
ced  by  biotic  factors. 

ILLUSTRATIONS.— Plates  44  and  45. 


FLORISTICS.— 

(i)  Kangra  Division,  Punjab. — 

I.  Acacia  catechu*  Amgciseu,  lalifilia*  Lannca  ccnmandelica, 

Fcmmalimmia,  Ehulialacm,  Kydia  calycina,  Ougcma  ccjcncnste,  M.lragyaa 
parvifolia,  Flacourtia  indica. 

11.  Mallotus  philippensis,  JVyctanthes  arbor-tristis. 

I  la.  Dendrocalamus  strictus'^. 
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III,  Carissa opaca,*  Dodonaeaviscosa,*  Woodfordiafruticosa,  Adhatoda  vasica. 

IV.  Pueraria  tuberosa,  Bauhinia  vahlii,  Acacia  caesia.  (1932  WORKING  PLAN). 
(ILLUSTRATIONS— cf.  GLOVER,  Ind.For.,  1934,  Pis.  28-30,  Hoshiarpur  Siwaliks.) 

(ii)  Saharanpur  Siwaliks,  Uttar  Pradesh  (Preservation  Plot  No.  18)  — 

I,  Anogeissus  latifolia  {^^%),  Boswellia  serrata*  (16%),  Acacia  catechu  (8%), 
Shorea  robusta  (4%),  Bauhinia  spp.(5%),  Cochlospermum  religiosum  (2%), 
Terminalia  tomentosa  {1%),  Buchanania  lanzan  {1%),  Diospyros  tomentosa, 
Terminalia  bellerica,  Hvmenodictyon  excelsum,  Garuga  pinnata,  Kydia 
calycina,  Sterculia  palleus,  Mitragyna  parvifolia,  Bridelia  retusa. 


II.  Nyctanthes  arbor-tristis  (3%),  Gardenia  turgida  (2%),  Ougeinia  oojeinensis 
{2%),  Ehretia  laevis{\%),  Aegle  marmelos  (1%),  Emblica  officinalis,  Feronia 
limonia,  Holarrhena  antidysenterica,  Cordia  dichotoma,  ^izyphus  xylopyrus, 
VVendlandia  exserta.  Cassia  fistula,  Casearia  tomentosa,  Butea  monosperma,  Fla- 
courtia  indica,  Z^zyphus  mauratiana. 

I  la.  Dendrocalamus  strictus. 

III.  Woodfordia  fruticosa,  Nyctanthes  arbor-tristis,  hidigofera  pulchella. 

IVb.  Eulaliopsis  binata,  Heteropogon  contortus. 

V.  Bauhinia  vahlii. 


Percentages  refer  to  all  trees  over  20  cm.  d.b.h. 


Note.  This  form  occurs  on  the  Siwalik  hills  when  erosion  is  extremely  active.  The 
type  merges  with  Siwalik  chir  pine  p.  270. 

(hi)  Plains  forest,”  Saharanpur  Division,  Uttar  Pradesh, — 


I.  Stereospermum  suaveolens,  Salmalia  malabarica,  Erythrina  suberosa,  Lannea 
coromandelica,  Garuga  pinnata,  Kydia  calycina,  Hymenodictyon  excelsum,  Bridelia 
retusa,  Terminalia  tomentosa*,  Terminalia  bellerica. 

II.  Holarrhena  anUdysenterica,  Casearia  tomentosa,  Ehretia  laevis,  Miliusa  velutina 

Jvlallotus  philippensis .  ’ 

1 1.  Adhatoda  vasica,  Helicteres  isora. 


NoTE.-This  form  occurs  on  the  plains  below  (ii).  It  is  much  grazed; 
(iv)  Lalitpur,  Jhansi  Division,  Uttar  Pradesh. _ _ 


1.  &  II. 


Ila. 

III. 


Wm  c,ron,ani,lica*  Bosmllia  serrata*  Terminalia  •tomentosa  ♦  Diostero, 
f^^TatMf7aT‘‘‘‘'^°‘‘'‘'  BuchaLnia  latan. 

Dendrocalamus  strictus. 

^^orlTcZis^XTj!'^  mauratiana,  Helicteres 


Forest  Types  of  India 


I. 

II. 
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b 

lllk'  Heteropogon  contortus,  Sehima  nervostm,  Themeda  quadrivalvis,  Iseilema  laxum. 

Note^ — Typical  form  of  the  Vindhyan  highlands. 

(v)  Ifestern  Ganges  Khola  {high  bank),  Uttar  Pradesh. — 

Holoplelea  integrifolia,*  ialmalia  malabarica,  Dalbergia  sissoo. 

Cordia  dichotoma,  Diospyros  cordifolia*,  Casearia  tomentosa,  Ehrelia  laevis, 
Streblus  asper,  Piemna  latifolia,  Orewia  haimsiana,  Nyctanthes  arbor-lrisiis , 
Zizyphus  mauratiana. 

III.  U  oodfordia  fruticosa,  Helicteres  isora,  Carissa  opaca,  Indigofera,  Vitex  negundo, 
Adhatoda  vasica,  Murraya  koeriUi,  Calotropis  procera,  Capparis  decidua,  Z^zy- 
phus  mauratiana,  Orewia  sclerophylla,  Mimosa  himalayana. 

IVb.  Erianthus  munja,*  Apluda  mutica,  Bothriochloa  pertusa,  Desmosiachya  bipinnata, 
Heteropogon  contortus,  Themeda  quadrivalvis,  Cenchrus  ciliaris,  Aristida 
spp.,  Iseilema  laxum,  Dichanthium  annulatum. 

V.  Z^zyphus  oenoplia. 

(vi)  Singhbhum,  Bihar  {Cochlospermum-Euphorbia  association,  MOONEY). — 

I,  &  II.  Lannea  coromandelica  (a)  Gardenia  latifolia*  (a)  Cochlospermum  religiosum* 
{i),Sterculia  urens*  {i) ,  Chloroxylon  swietenia  (If),  Buchanania  lanzan  (f),  Aegle 
marmelos*  (la),  Anogeissus  latifolia  (f),  Morinda  tinctoria*  (If),  Canthium 
dicoccum  i\i) ,  Emblica  officinalis  f) ,  Euphorbia  nivalia*  (f),  Protium  seiratum, 
Lagerstroemia  parvijiora,  Erythrina  suberosa,  Stereospermum  suaveolens,  Ficus  spp. 

III.  Woodfordia  fruticosa  (f),  Nyctanthes  arbor-tristis  (a),  Petalidiutn  barlericides 
(a),  Murraya  paniculata  (If). 

IVa.  Sarcostemma  acidum*,  Eranthemum  purpurascens,  Justicia  spp.  (f),  Rungia, 
Diclip  ter  a, 

IVb.  Arundinella  setosa*  (f),  Chrysopogon  lancearius*  (f),  Cymbopogon  martinii*  (f), 
Themeda  triandra  (o). 

V.  Scanty — Butea  superba,  Olax  scandens,  Jasminum,  Erycibe. 

Note.— An  extremely  dry  formation  found  on  steep  stony  southern  slopes  or  rocky 
hill  tops  from  Rajasthan  eastwards  and  southwards. 

(vii)  Singhbhum,  Bihar  {Anogeissus-Mitragyna-Dendrocalamus-Daedelacanthus  associa¬ 
tion,  MOONEY). 

I  &  II  Anogeissus  latifolia*  (va),  Adina  cordifolia*  (a),  Mitragyna parvfolia* 

HyLodictyon  excelsum* (i) ,  Aegle  marmelos  (f),  Chloroxylon  swutema  (  , 

Schleichera  oleosa  {i),  Lannea  coromandelica*  {i),  Schrebe^a  swieteniotdes  {{), 
Lagerstroemia  parviflora  (If),  Bridelia  retusa*  (f),  and 

Cochlospermum,  Sterculia,Boswellia,  Buchanania,  Ougeima,  Erythrina  Bauhtma 

malab!rica*,Madhuca,  Diospyros  montana*,  Stereospermum,  Vitex  pedunculans. 
Ila.  Dendrocalamus  strictus*  (la). 
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III.  Petalidium  barlerioides*  (a),  Helicteres  isora  (la),  Strobilanthen  auriculatus  {i), 
Symphorema  polyandrtm  (If). 

IVa.  Eranthemum  purpurascens*  (a),  Rungia,  Hemigraphis,  Justicia,  etc. 

IVb.  Eulalia  trispicala  (f),  Eulaliopsis  binata  (lo),  Apluda  mutica  (f). 


(viii)  Angul  Division,  Orissa  (Preservation  Plot  No.  2) — 


I.  Adina  cordifolia  (16%),  Lagerstroemia  parviflora  (14%),  Anogeissus  latifolia 
(10%),  Terminalia  tomentosa  (4%),  Mitragyna  parvifolia  (4%),  Dalbergia 
latifolia  {2  •  ^%) ,  Hymenodictyon  excelsum  (2-5%),  Bridelia  retusa  (2-5%), 
Albizzia  spp.  {\ ■  ^%) ,  Salmalia  malabarica  (i ’5%),  Shorea  robusta  (’5%), 
Plerocarpus  marsupium,  Dalbergia  paniculata,  Protium  serraium,  Stereospermum 
suaveolens,  Terminalia  bellerica,  Melia  composita,  Cleistanthiis  collinus  (40%), 
Diospyros  tomentosa,  Lannea  coromandelica. 

II.  Ougeinia  oojeinensis.  Cassia  fistula,  Alangiiim  salvifolium,  Carey  a  arborea, 
Holarrhena  antidysenterica,  Casearia  tomentosa,  Mallotus  philippensis,  Randia  spp., 
Feronia  lirnonia.  Acacia  leucophloea,  pfzyphus  xylopyrus,  Chloroxylon  swietenia, 
Gardenia  latifolia. 


Ila. 

III. 

IVb. 

V. 


Dendrocalamus  strictus  (va). 

Helicteres  isora,  Strobilanthes ,  Moghania,  Gardenia  gummifera. 

Cymbopogon  martinii,  Aristida  setacea  etc. 

Combretum  decandrum,  ^izyphus  oenoplia,  Bulea  superba,  B.  pafvifiora, 
Millettia  auriculata,  Gouania  leptostachya,  Smilax  sp. 

Percentages  refer  to  all  trees  over  12 '5  cm.  d.  b.  h. 

Gardenia  gummifera  is  confined  to  clay  schists  (HAINES) . 


Note 

(ix)  Kalahandi,  Orissa  (MOONEY). _ 

I.  &  II. 


Ila. 

III. 

IVa. 

IVb. 


Anogeissus  latifolia*,  Dalbergia  latifolia,  Plerocarpus  marsupium,  Stereosper¬ 
mum  suaveolens,  Spondias  pinnata,  Cleistanthus  collinus.  Acacia  lanticularis 
lacourtia  indica,  0x1  drier  xoz\.%~Boswellia  serrata* ,  Butea  monosperma 

mvulia,  on  moisture 

Dendrocalamus  strictus. 

^^^'^(Cheilanthestenuifolm),  Eranthemum purpmascens*. 
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(x)  M.  P,  (General  floristics) — 

I.  &  II.  Anogeissus  pendula*  (va),  Acacia  catechu  (d,),  Anogeissus  latifolia*  (a),  Dio- 
spyros  melanoxylon  (la),  Madkuca  indica  (o),  Butea  monosperma  (f),  Emblica 
officinalis  (f),  Feronia  limonia  (o),  Albizziasr^^.  (o),  Acacia  leucophloea  (o), 

A.  arabica  (o),  Soymida  febrifuga  (o),  Miliusa  tomentosa  (o),  Bauhinia  spp.  (o). 

Ila.  Dendrocalamus  strictus  (o). 

III.  Carissa  sp.  (f),  Flacourtia  indica  ({),  pfzyphus  xylopyrus  ({),  Pfzyphus  nummu- 
laria  (f),  Capparis  decidua  (o),  Calotropis  procera  (o),  Balanites  aegyptiaca 
(f),  Holarrhena  antidysenterica  (f),  Grewia  spp.  (f),  Adhatoda  vasica  (f), 
Gymnosporia  spinosa  (f).  % 

IVa.  Batleria  prionitis  (f),  Achyranthes  aspera  (f),  Cassia  tora  (f),  Xanthium 
strumarium  (f),  Peristrophe  bicalyculata  (f). 

IVb.  Heteropogon  contortus  (i) ,  Aristida  depressa  (f),  Themeda  quadrivalvis  (f),  Saccha- 
rum  spontaneum  (la),  Cymbopogon  martinii  (f),  Sehima  nervosum  (o). 

V.  Zizvphus  oenoplia  (f),  Gymnema  sylvestre  (r).  Acacia  caesia  (f),  Abrus  precatorius 
(f),  Asparagus  spp.  (r),  Gloriosa  superba  (r),  Tinospora  cordifolia  (r). 

Epi.  Vanda*  (r). 

Par.  Cuscuta  refiexa  (f),  Dendrophthoe  falcata  (o). 

(xi)  Biguri,  S.  Raipur  Division,  Madhya  Pradesh. — 

I.  Terminalia  tomentosa,*  Anogeissus  latifolia,*  ^iospyros  melanoxylon,* 
Buchanania  lanznn,  Terminalia  chebula,  Cleistanthus  collinus,  Madhuca  indica 
Boswellia  serrata,  Lagerstroemia  parviflora. 

II.  Emblica  officinalis,  Zizyphus  xylopyrus. 

III.  Phoenix  acaulis,  Woodfordia  fruticosa. 

Note. — Cleistanthus  occasionally  forms  nearly  pure  consociations. 


(xii)  Chittorgarh  Division,  Rajasthan.— 


I. 


II. 


Anogeissus  latifolia*  (a),  Boswellia  serrata*  (a),  Terminalia  tomentosa  (f) 
Sterculia  urens  (o),  Lannea  coromandelica  (c),  Diospyros  melanoxylon  (c),  Albizzta 
odoratissima  (o),  Soymida  febrifuga  (o).  Cassia  fistula  (r),  Brtdelta  retusa, 
Bauhinia  racemosa,  Mitragyna  parvifolia  (r),  Butea  monosperma  (  a),  tcus 
spp.,  Dalbergia  paniculata  (o). 

Ac<Kia  caltchu  (a),  Acacia  Icacophloca  (f),  Ptyclanihcs  a,bc,-aistis  {c),  ZUyplm 
mauratiana  (c),  Prccotis  sbicigera  (c),  WrigHtia  Unclma,  Flacourha  adua. 


Ila.  Dendrocalamus  strictus  (o). 

III.  Carissa  spinarum,  Zizyphus  nummularia,  Grewia  spp. 


Type  5BIC2;  5IDS1 
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IVa.  Achyranthes  aspera,  Cassia  spp.,  Acanthus  spp. ,  Atylosia  sp.,  Sida  spp.,  Secu- 
rinega  leucopyrus,  Xanthium  strumarium. 

IVb.  Dolhriochloa  pertusa,  Arthraxon  quartinianus,  Apluda  muiica,  Heteropogon  con- 
tortus,  Eragrostis  spp.,  Aristida  spp. 

Par.  Occasional  Cuscuta  reflexa,  Dendrophthoe  falcata. 

(xiii)  Udaipur  Division,  Rajasthan. — 

I.  &  II.  Anogeissus  latifolia,*  Boswsllia  serrala,*  Lannea  coromandelica,  Sterculia 
mens,  Terminalia  arjuna,  Salmalia  malabarica,  Soymida  febrifuga,  Albizzia 
odoratissima.  Acacia  leucophloea,  Emblica  officinalis,  Wrightia  tinctoria, 
Mitragyna  parvifolia. 

III.  Holarrhena  antidysenterica,  Vitex  negundo,  Woodfordia  fruticosa,  Jatropha  spp. 

IVa.  Tridax procumbens.  Cassia  tora,  Pavonia  spp.,  Borreria  hispida. 

IVb.  Chrysopogon  spp.,  Apluda  muiica,  Eragrostis  spp. 

Note. — Sometimes  this  type  and  the  type  (p.  210)  occur  inclose 

proximity  with  practically  no  transition.  Generally,  however,  Anogeissus  latifolia  and 
Anogeissus  pendula  are  not  found  together  although  their  associates  are  in  common. 
Anogeissus  latifolia  consociations  are  prominent  on  flat  tops  in  association  with  Boswellia, 
Lannea,  Acacia  catechu,  and  on  southern  aspects  with  Boswellia,  Sterculia  and  Nyctanthes. 

General  Note.— Transition  forms  are  extensively  developed  and  are  particularly 
characteristic  of  the  central  plateau  region.  Examples  from  Orissa,  Madhya  Pradesh 
and  southern  Rajasthan  illustrate  the  floristic  shifts  in  comparison  to  the  southern  types. 

DEGRADATION  STAGES  OF  DRY  DECIDUOUS  FORESTS 

The  following  stages  are  recognised  : 

TtSi — Dry  deciduous  scrub 

^IS2 — Dry  savannah  forest 

DS"^ — [Euphorbia  scrub) 

DS^ — (Dry  grassland) 


OSi. 


Dry  deciduous  scrub 


DESCRIPTION.— A  low  broken  soil  cover  of  shrubby  growth  3  to  6  m  high  in 
eluding  some  tree  species  reduced  to  <!;Tnil^,r  i-.-  ^  o  m.  nigh  m- 

base.  Some  bamboo  is  often  present  Ma  stemmed  from  the 

[Holarrhena,  Dodonaea)  or  thorny  (Ran</m  CunvL)  T^^  '  to  cattle 

possib.  bp.  „ece.a..  .o  " 

DISTRIBUTION.-Throughout  the  dry  deciduous  forest  aone  of  India, 
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LOCALITY  FACTORS. — There  may  be  localities  in  which  the  soil  and  climate 
are  such  as  to  permit  of  the  development  of  a  dry  deciduous  low  forest  in  which  tree 
growth  in  the  narrower  sense  is  scarce,  but  all  examples  examined  seem  unquestionably 
to  owe  their  stunted  condition  to  maltreatment,  usually  directly  or  indirectly  connected 
with  felling,  lopping,  grazing  and  frequent  fires.  Even  dry  teak  forests  may  be  reduced 
to  this  stage  with  many  stemmed  crooked  branchy  teak  stocks  (4  to  6  shoots),  amidst 
Zizyphus  nummularia,  Balanites  or  Salvadora  scrub  near  villages,  as  in  southern  Rajasthan. 

FLORISTICS.— 

(i)  Kangra,  Punjab. — 

I.  Nyctanthes  arbor-tristis  *  Dodonaea  viscosa,*  Woodfordia  fruticosa,*  Carissa  opaca* 
Flacourtia  indica,  Lannea  coromandelica,  Aegle  marmelos,  Cassia  fistula.  Acacia  catechu. 

Note. — On  dry  Siwalik  hill  sides. 

(ii)  Gaya  Hills,  Bihar. — 

Acacia  catechu,  Butea  monosperma,  Randia  dumetorum,*  Carissa  opaca,*  Acacia 

pennata. 

(iii)  Kahudag,  Bihar. — 

Acacia  catechu,  Flacourtia  indica.  Euphorbia,*  ^izyphus,  Carissa,*  Mimosa. 


(iv)  Sambalpur,  Orissa. — 

I.  Chloroxylon  swietenia.  Acacia  catechu,  Z^zyphus  xylopyrus.  Gardenia  gummifera,* 
G.  turgida,  G.  resinifera,  Cleistanlhus  collinus,*  Boswellia  serrata,  Terminalia  tomen- 

tosa. 

_ On  horizontal  shales  with  very  shallow  infertile  soil  more  cr  less  a  savannah 

form. 


(v)  Banswara,  Rajasthan. 

I.&II.  Acacia  leucophloea,*  (c),  Salvadora  oleoides  (c),  Phoenix  sylvestrls  (o),  Holo- 
ptelea  integn^olia  (r),  Balanites  aegypiiaca  (la). 

III.  Zizvphus  nummularia.  Euphorbia  nivulia,  Holarthena  antidysenterica.  Cassia  auricu- 
lata  (a). 

IVa.  Leptadenia  pyrotechnica.  Cassia  torn  (o),  C.  occidentale  (r),  Ocimum  americanum. 

IVb.  Aristida  hystrix,  Eragrostis  unioloides,  Eragrostis  spp.,  Melanocenchris  jacquemon 
tii,  Andropogon  pumilus  etc. 

V.  Almost  absent  except  seasonal  Ouarbilaceae  climbers  in  EupImUa  bushes. 


rvil  Dkwal,  Hyderabad,  Andhra  Pradesh.—  ■  „  ,  ■ 

mauraliana  (f),  Horn  arborea  (f),  Anona  squamosa. 
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(vii)  Mansurabad,  Andhra  Pradesh. — 

Scattered  Acacia  leticophloea* ,  Bauhinia  racemosa,  Dalbergia  paniculata,  Wrightia 
tincloria,  xylopyrus.  Cassia  fistula,  Randia*,  Anona*,  Heteropogon 

conlortus,  Eraerostis  spp. 
fviii)  Mysore  plateau. — 

Coppice  shoots  of  dry  deciduous  forest  species,  i.e.,  Tectona  (dry  teak),  Pteroc- 
arpus,  Alhizzin,  Terminalia,  Chloroxylon,  Hurdwickia  etc.  with  thorny  species 
Atalantia  monophylla* ,  Flacourtia,  Dichrostachys* ,  Randia*,  Acacia  chundra*. 


(ix)  Southern  Mysore  plateau. — 

Albizzialebbek,  A.  amara,*  Chloroxylon  swietenia.  Acacia  chundra,  Azadirachta  indica, 
Zizyphus  mauratiana,  Z-  ocnoplia,  Dichrostachys  cirurea,*  Eupt’orhia  avtiquorum* , 
Pterolobium  indicum;  in  stonier  places  Gyrocafus  jacquinii* ,  Stcrculia  urens,  Cochlos- 
permutn  religiosum.  Commiphora  caudata*,  Givotia  rottlerijormis ;  occasionally 
Hardwickia,  Feronia  limonia.  Commiphora,  Givotia  and  Dendrocalamus  strictus. 

(x)  Motebennur,  Mysore. — 

Bitea,  Hard'jolckia,  Cassia  auricalata,*  Lantana,*  Dodonaea,*  Cymbopogon  spp. 

General  Note. — A  considerable  variety  of  degenerate  forests  could  be  included 
here  but  the  above  examples  are  fairly  representative.  Some  of  them  aie  the  result  of  long 
continued  maltreatment,  of  which  grazing  and  lopping  may  be  the  chief  factors,  or  fuel 
and  pole  fellings  may  be  equally  influential.  Others  are  regrowth  after  a  period  of 
cultivation  and  may  have  grown  up  under  more  or  less  heavy  grazing.  Savannah  types 
with  scattered  bushes  and  low  trees  among  grass  are  very  common. 


DSa.  Dry  savannah  forest 

DESCRIPTION.— The  usual  open  but  typical  formation  is  lost  and  the  trees  stand 
far  apart  singly  or  in  small  groups  in  more  or  less  heavy  grass  in  wdiich  certain  fire  resis¬ 
tant  plants  persist,  either  slowly  establishing  themselves  as  trees,  or  sending  up  annual 
shoots  from  a  woody  rootstock.  Stemless  Phoenix  is  particularly  characteristic.  The 

trees  have  very  short  Doles  and  are  usually  crooked  and  unsound  or  hollow.  Thorny 
shrubs  are  common.  ^ 

DISTRIBUTION.— Throughout  the  dry  deciduous  forests. 

LOCALITY  FACTORS.— Those  of  the  general  type  combined  with  over  exploita 
tion,  heavy  grazing  and  usually  annual  burning.  exploita- 

FLORISTICS.— 

(i)  Singkbhum,  Bihar.  600 — 900  m.  (MOONEY) _ 

“ *—  >•>■  ■<“  — »  M, 
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IVb.  Themeda  Iriandra*  (va),  T.  quadrivalvis  (a),  Apluda  mutica*  (a),  Arundinella 
setosa  (la),  Cyperus  niveus. 

(ii)  Kalahandi,  Orissa.  Laterlte  plateau  at  about  looo  m.  (MOONEY). — 

I.  &  II.  Emblica  officinalis* {c) ,  Bauhinia  retusa,  Oillenia,  Careya,  Elaeodendron. 

IVb.  Arundinella  setosa*  (va),  Cymbopogon  martinii  {a.) ,  Themeda  triandra  {a.) . 

General  Note. — This  type  occurs  fairly  extensively  on  the  Central  Indian  hills 
at  about  lOOO  m. 


(iii)  Motebennur,  Mysore. — 

I.  Hardwickia  binata*  Butea  monosperma. 

III.  Cassia  auriculata,  Dodonaea  viscosa,  Lantana  camara. 
IVb.  Cymbopogon  sp.  (va). 


(iv)  Eastern  Madras. — 

I.  Pterocarpus  marsupium,  Anogeissus  latifolia*,  Bridelia  retusa,  Terminalia  chtbula, 
Emblica  officinalis. 

III.  Phoenix  humilis*. 

IVb.  Cymbopogon  coloratus  (dominant). 

Note. _ Further  degradation  leads  to  a  form  in  which  only  a  few  Pterocarpus, 

Bridelia  and  Emblica  stand  over  dense  grass,  mainly  Cymbopogon  coloratus,  Themeda  triandra 
and  Heteropogon  conlortus,  with  abundant  Phoenix  humilis. 


(V) 

I. 

III. 

IVb. 


Shorea  talura  savannah,  Madras. — 

Shorea  talura,*  S.  tumbuggaia,*  Pterocarpus  santalinus,  P.  marsupium,  Anogeissus 
latifolia,  Diospyros  melanoxylon. 

Phoenix  humilis. 

Dense  grass. 


ecological  STATUS^^^^ 

other  forms  of  vegetation  by  urnmg,  opp  xerophytic  than  corresponds 

of  the  dry  tropical  areas. 

DS3.  (Euphorbia  scrub) 

This  type  is  described  under  the  Thorn  forests,  cf.  6B/DS.  on  page  04=- 
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(054.  Dry  grassland) 

According  to  DABADGHAO  (i960),  the  dominant  grass  cover  in  the  dry  deciduous 
zone  is  Sehima-Dichanthium  type,  the  characteristic  perennial  species  being: 

(i)  Hdls  &  hill  slopes— 

Sehima  nervosum,  Chrysopogonfulvus,  Themeda  triandra,  Eremopogonfoveolatus,  Heterop- 
ogon  contortus,  Cymbopogon  spp. 

(ii)  Plateau  and  valleys,  deep  soils — 

Dichanthium  annulatum,  Botkriochloa  pertusa,  Eremopogon  foveolatus,  Cynodon  dactylon. 

Deteriorated  grasslands  are  characterised  by  the  presence  of  several  annual  species 
chiefly  Heteropogon  contortus  (annual  form) ,  spp.,  Melanocenchris  jacquemontii,  Erag- 

rostis  spp.,  Chloris  spp.,  Alloteropsis  cimicina,  Andropogon  pumilus,  Urochloa  panicoides  etc. 
The  subcovers  typical  of  degraded  stages  arc  six  :  Cymbopogon  (cf.  DS2,  page  208), 
Chrysopogon,  Botkriochloa,  Heteropogon,  Eremopogon— Aristida,  Eragrostis — Melanocenchris. 


EDAPHIC  CLIMAX  TYPES  IN  DRY  DECIDUOUS  FORESTS 


The  following  edaphic  types  are  specifically  recognised  : 
E\ — Anogeissus  pendula  forest 
DSi — Anogeissus  pendula  scrub 
E2 — Boswellia  forest 
E^ — Babul  forest 
£'4 — Hardwickia  forest 
£5 — Butea  forest 
£6 — Aegle  forest 
£7 — Laterite  scrub  forest 
£8 — Saline- Alkaline  scrub  savannah 


£9 — Dry  bamboo  brakes 

General  Note.— Mmy  of  the  tree  species  of  the  mixed  deciduous  forests  arc 
^pable  of  forming  more  or  less  pure  consociations.  This  tendency  is  emphasized  in  the 
dry  forests  by  the  harsher  environmental  conditions,  climatic,  edaphic  and  biotic,  to 
which  the  forest  is  usually  subject,  so  that  greater  demands  are  made  on  the  specific  adap¬ 
tability  of  constituent  elements  leading  to  pure  groups  and  local  dominance.  Among 
species  forming  such  consocatiens  in  addition  to  Anogeissus  pendula,  Boswellia  serrata,  Butea 
mono  perma,  Hardwickta  bmata,  Aegle  marmelos,  Phoenix  sylvestris,  Salvadora,  Acacia  arabica 
treated  in  greater  detail  as  distinct  edaphic  climaxes,  the  following  maybe  mentioned 

being  undoubtedly  of  edapho-biotic  status  although  details  are  lacLg. 

Xylia  xylocarpa,  Pterocarpus  marsupium  (moister  fascies). 
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moityro!  lomenlosa.  TerminaKn  Mula,  Amgeissus  latifilU,  Cleislanltus  collims  (dry 
Acacia  Senegal,  Albizzia  amara,  Cochlospermum  religiosum  (very  dry  fascics). 

Ei.  Anogeissus  pendula  forest 

DESGRIPTION.-The  type  is  largely  determined  by  the  presence  of 
pendula  which  forms  nearly  pure  crops,  often  quite  well  stocked,  about  6  m.  high  and 
70  -8o  cm  girth,  but  branched  from  about  1-1.5  m.  above  the  ground.  The  associated 
species  are  those  of  the  southern  dry  deciduous  type  with  more  and  mere  of  the  thorn 
forest  species  as  the  habitat  is  drier.  The  forest  is  leafless  from  March  to  June.  There 
is  a  thin  shrub  and  grass  undergroivth  but  no  bamboo. 

DISTRIBUTION.— Aravalli  hills  in  Rajputana,  Ajmer-Merwara,  Bundclkhand 
northwards  to  Jhansi  and  Banda,  and  southwards  to  the  Narmada  in  Nimar  and  the 
Panch  Mahals.  (TROUP). 

LOCALITY  FACTORS.— 

Tempet ature  and  Rainfall,~-T!\\&  climate  is  typically  hot  as  for  representative 
stations  in  Uttar  Pradesh  and  Rajasthan.  There  are  great  extremes  of  temperature. 
The  rainfall  may  be  as  low  as  400  mm.  or  as  high  as  950  mm. 

Soil  ani  Topography. — The  .Jype  usually  occurs  on  the  lower  and  gentler  slopes 
and  tops  of  low  hills  [Boswellia  or  Sterculia  mens  occupying  the  higher  ridges  and  crests) 
within  the  240-600  m.  altitudinal  range.  The  rock  is  crystalline  or  metamorphic  or 
sandstone,  rarely  limestone.  The  soil  is  gravelly  reddish  loam,  rather  shallow,  more 
clayey  on  lower  reaches  and  level  ground. 

ILLUSTRATION.  -Pxate  46. 

FLORISTIGS.— 

General — 

It  generally  forms  pure  or  markedly  gregarious  associations,  the  common  associates 
being  xlcacia  Itucophloea  and  A.  Senegal  in  fhc  western  part  of  the  range. 

(i)  Jhansi  Division,  U.  P. — 

I.  &  II.  Anogeissus  pendula,*  Acacia  catechu,  Anogeissus  latifolia,  Lagerstroemia  parvi- 
Jlora,  Diospyros  lomentosa,  Aegle  marmelos,  fjzyphus  glaberrima,  Bauhinia 
racemosa,  Lannca  coromandelica,  Bulea  monosperma. 

(ii)  Ajmer,  Rajasthan. — 

I.  &  II.  Anogeissus  pendula,*  Boswellia  serrata*.  Acacia  catechu,  A.  rupestris,  Albizzia 
odoratissima,  Dalbergia  lanceolaria,  Dichrostackys  cinerea,  Bauhinia  racemosa, 
Grewia. 

Boswellia  as  usual  lends  to  occupy  the  ridge  crests  whilst  Acacia  rupestris 
replaces  the  Anogeissus  on  the  poorest  soils  (TROUP). 
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(iii)  Chitlorgarh  Fort  forest,  Chittorgarh  Division,  Rajasthan  (SAXENA) . 

I  Anogeissus  pendula*  (va)  (95%),  leucophloea*  (c),  Diospyros  cordifolia  (c), 

Sapindus  emarginaius  (o),  Acacia  catechu  (r),  Butea  monosperma  (o),  Azadirachta 
indica  (r),  Ficus  glomsraia  (r),  Lannea  corotnandelica  (o),  Sterculia  mens  (r), 
Boswellia  serrata  (r),  Tamarindus  indica  (r),  Albizzia  odoratissima  (o),  Schrebera 
swietenioides  (r). 

II.  Dichrostachys  cinerea  (f),  Wrightia  tinctoria,  Z^zyphus  mauratiana,  Grewia  Unax 
(c),  Securinega  leucopyrus  (c). 

III.  Adhatoda  vasica  (la)  (particularly  on  fringes),  Capparis  scpiaria,  Lcpidagathis 
cristata. 

IVa.  Cassia  tora,  Indigofera  cordifolia,  Borreria  hispida,  Argimone  mexicana  (r),  Aerva 
javanica,  Leucas  spp.,  Acanthus  spp.,  Malvaceae  spp.,  Tridax procumbens. 

IVb.  Aristida  hystrix,  Chloris  dolichostachya,  Eragrostis  spp.,  Apluda  muUca,  Chryso- 
pogon  fulvus,  Cymbopogon  s^'^.,Eremopogonfoveolatus,Heleropogoncontortus,  Oplis- 
menus  spp. 

V.  Practically  absent  except  for  a  few  Abrus precatorius. 


Note. — The  crop  has  been  under  protection  for  over  lOO  years  and  is  in  excellent 
condition.  Stocking  is  gccd  and  the  average  height  is  7-5  m.  and  average  girth  about 
50  cms.  It  is  on  a  northern  aspect  on  sandstone  and  quartzite.  Bosivellia  etc.  occur  on 
the  top  of  the  hill  and  Diospyros  cordifolia  is  particularly  found  on  the  fi  rest  fringes. 
Oplismenus  is  most  common  where  the  canopy  is  closed. 


(iv)  Dungarpur,  Banswara  Division,  Rajasthan. — 

I.  Anogeissus  pendula*  (va).  Acacia  leucophloea*  (a). 

II.  Almost  nil;  Flacourtia  sapida  (0),  on  the  outskirts  Dichrostachya  cinerea,  Gjmnos- 
poria  spinosa,  Gicwia  favescens,  Capparis  decidua,  Zizyphus  mauratiana.  Balanites 
asgyptiaca,  Butea  monosperma. 

III.  Mimosa  rubicaulis,  Ocimum  americanum,  Pavonia  spp. 

IVa.  Cassia  tora.  Acanthus  spp. 

IVb.  oplismenus  compositus  {rs),  Eragro^^^^  ciliaris,  Chloris  inf aia,  drier  ground 

Apluda  mutica,  Themeda  tnandra.  gieuna 

V.  Capparis  (o) . 


■  ^7  ,  for  a  very  long  time  anrt 

.s  on  good  so.l  Ihe  Anofassm  pcniula-AcaHa  Uucophloeo  association  is  found  alm^t  to 

the  aclu  ton  of  all  other  spec.es  except  FUco.rlia,  C«ppa,is  and  Op, ism, n^.  The  canopy 

:ho  u^.frKi^h: 
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(v)  Badnofy  Udaipur  Division,  Rajasthan. — 

I.  &II.  Anogeissus pendula,*  Bosuellia  serrala*  Acacia  catechu,  A.  Senegal,  Albizzia 
odoratissima,  Dalbergia  lanceolaria,  Dichrostachys  cineua,  Bauhinia  raccmosa. 

lit.  Dendrocalamus  strictus  (o). 

III.  Grewiajlavescens,  G.  tenax,  Rhus  mysorensis.  Cassia  auriculata. 

IVa.  Vernonia  spp.,  Andrographis  spp.,  Lycium  eurcpaeum. 

IVb.  Apluda  mutica,  Heteropogon  contortus,  Sehima  nervosum,  Aristida  hystrix. 

V.  Absent. 

General  Note. — This  association  links  the  northern  and  southern  forms  of 
the  dry  deciduous  and  both  with  the  them  forest.  It  is  apparently  an  edaphic  climax 
because  although  it  occurs  on  various  geclrgical  formations  and  different  types  of  soil, 
under  complete  protection  for  over  loo  years  it  has  maintained  itself  and  is  also  regenerat¬ 
ing  naturally. 

It  may  be  noted  that  both  Anogeissus  pendula  and  Acacia  catechu  occur  in  fairly  ex¬ 
tensive  nearly  pure  stands  as  well  as  in  intimate  mixture  and  it  is  difficult  to  recognize 
any  factor  determining  which  of  the  two  should  predominate. 

Ei/DSi.  Anogeissus  pendula  scrub 

When  browsing  pressure  is  heavy,  especially  by  geats,  the  Anogeissus  is  reduced  to 
spreading  and  creeping  forms  sometimes  forming  prostrate  cushions  locking  like  topiary 
work.  This  is  the  last  stage  of  degradation  before  it  is  totally  eliminated.  The  illustra¬ 
tion  gives  a  better  idea  of  the  form  than  any  description. 

ILLUSTRATION.— Plate  47. 

Ea.  Boswellia  forest 

DESCRIPTION. — An  open  forest  in  which  Boswellia  forms  an  overw'ood  to  stunted 
trees  and  shrubs  of  dry  deciduous  forests.  Sometimes  almcst  pure  consociations  of  well 
grown  mature  trees  or  pole  crops  occur,  especially  on  the  flatter  tops  of  Satpura  range. 
It  is  ordinarily  12-15  m.  exceptionally  18-20  m.  high  and  i  .2  to  i  .8  m.  in  girth,  the  only 
tree  equally  it  in  size  often  being  Sterculia  urens.  Teak,  wherever  it  occurs  in  association, 
is  generally  stunted.  It  is  leafless  from  February  to  May.  Bamboo  may  occur  but  is 
usually  absent.  There  is  low  grass,  scanty  undergrowth  and  the  forests  are  usually 
burnt.  Regeneration  is  usually  absent. 

DISTRIBUTION. — On  dry  plateaux  and  hills  throughout  peninsular  India. 
There  is  a  distinct,  more  or  less  pure,  continuous  belt  about  13  km.  wide,  on  the  higher 
reaches  of  Satpuras  in  Khargone  Division,  Madhya  Pradesh. 

locality  factors. — Rainfall  500  to  1,300  mm.  with  a  long  hot  dry  season. 
The  type  occurs  on  a  variety  of  rocks,  particularly  crystalline,  sometimes  lateritic  rocks, 
trap  and  shales.  The  soil  is  usually  bouldery  or  pebbly,  shallow  and  dry.  Hill  tops, 
ridges  and  spurs,  and  well  drained  plateaux  are  the  usual  sites. 
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Plate  48 


•— >:  ■fW'"'?''  *»-■ 


■  '  *1.  .  - 


BOSWELLIA  FOREST 

A  goad  quality  natural  pole  crop  of  Bos^ellia  on  flat  plateau.  Lachminagar, 

Madhya  Pradesh. 


Kannod  Division, 

S.  K.  Seth 


7  FRI&C/64  1 
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ILLUSTRATION— Plate  48. 


FLORISTICS.— 

(i)  Khargone  Division,  Madhya  Pradesh. — 

1.  Boswellia  serrala*  Tectona  grandis,  Lannea  coromandelica,  Hardivickia  binata.  Termi- 
nalia  tomentosa,  Hymenodictyon  excelsum,  Sterculia  mens. 

11.  Sparse — Acacia  catechu,  Anogeissus  lalifolia,  Bauhinia  malabarica. 

Ila.  Dendrocalamus  strictus  (lo). 


III.  Sparse — Nyctanthes  arbor-tristis. 

(ii)  Nimar,  Madhya  Pradesh. — 

1.  Boswellia  serrata,*  Acacia  catechu,  Cochlospermum  religiosutn,  Lannea  coromandelica. 
Commiphora  mukul  (0). 

Ila.  Dendrocalamus  strictus  (1). 

(iii)  Seoni  Division,  Madhya  Pradesh. — 

1.  Boswellia  serrata,*  Cochlospermum  retigiosum,  Sterculia  mens,  Lagerstroemia  parvi- 
Jlora,  Emblica  officinalis. 

III.  Practically  no  shrubs. 

IVb.  Grass  very  light. 


(iv) 

1. 

IL 

IV. 

(V) 

1.  &  IL 


Ila. 

III. 

IVa. 

IVb. 


V. 


Baretha,  Betul  Division,  Madhya  Pradesh.— 

Boswellia  serrata*  (a),  Buchanania  langan  (o),  Lagerstroemia  parvifora  (o),  Soymida 
febrifuga  (r),  Terminalia  tomentosa  (f). 

Nyctanthes  arbor-tristis  (la),  Diospyros  melanoxylon  (f),  Emblica  officinalis  (f), 
Ougeinia  oojeinensis  (f),  Acacia  catechu  {o),  Bauhinia  racemosa  (o). 

Very  little  grass  or  herbs. 


Sarwan  Deri  Block,  Banswara  Division,  Rajasthan  (SAXENA). _ 

Boswellia  serrata*  {N},  Lannea  coromcndeliea  (f),  Stereulia  trens  (r),  Terminalia 
torrientosa  (c),  Soymida  febrifuge  {r),  Ougeinia  oojeinensis  {v),  Diospyros  tomentosa 
(c),  Anogeissus  latifolia  (c),  and  stunted  Tectona  grandis  (r). 

Dendrocalamus  strictus  (in  cooler  situations). 

Nyctanthes  arbor-trisiis,  Holarrhena  antidysenterira. 


Casm  lom,  Euphorbia  hi, la,  Eoohulm  alAohl,,,  TrUax  proem, bem,  S,da  spp, 
rf  "’"If:  SO'llis,  Heleropogor,  eoalo.'as 

Lida  Eragroelisopf 


Climbers  nil. 


Par.  Dendrophthoe  falcata  commonly  parasitises  Boswellia. 
16—7  F.  R.  I.  &  0./64 
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(vi)  Baghana,  Udaipur  Division,  Rajasthan.' — 

I.  &  II.  BosweUia  serrata,*  Lannea  corornandelica,  Slerculia  mens,  Anogeissus  pendula 
(at  the  lower  limit  of  the  BosweUia  zone). 

III.  Occasional  Grewia  snj^. 

IVa.  Borreria  hispida.  Euphorbia  hirta. 

IVb  Apluda  niutica.  Heteropogon  contortus,  Chrysopogon  fulvus,  Sehima  nervosum. 

\'.  Absent. 

General  Note.— A  very  stable  form  on  special  sites,  extended  by  maltreatment 
as  BosweUia  is  usually  left  standing  when  c  iher  trees  are  felled  and  as  it  is  very  fire  resistant. 
It  does  not  coppice  well.  It  often  only  fi  rms  a  narrow  strip  cn  ridges  in  the  dry  teak 
forests,  to  which  it  would  often  probably  prr  gress  or  revert  with  long  continued  fire 
protection. 

E3.  Babul  (Acacia  arabica)  forest 

DESCRIPTION. — The  general  appearance  of  the  forest  is  entirely  dominated  by 
the  one  species  Acacia  arabica  which  is  markedly  gregarir  us  in  habit  and  forms  a  denser 
cover  than  usual  in  thorn  forest.  Biotic  factors  havT  also  undoubtedly  been  in  play. 
'Ihe  lew  associated  species  occur  mainly  where  the  Acacia  canr  py  is  broken,  and  there 
IS  usually  very  little  undergrowth.  There  is  a  rather  thin  cover  of  grass.  Grazing  is 
usually  very  heavy. 

DISTRIBUTION. — Best  developed  in  Berar  but  met  with  elsewhere  under  similar 
conditions,  e.g.,  in  Poona  Division,  Maharashtra. 

LOCALITY  FACTORS. — This  type  is  associated  with  black  cotten  soil.  The 
climatic  data  given  for  Akola  on  pp.  227  are  representative,  those  for  Amraoti  and  Bul- 
dhana  being  very  similar. 

ILLUSTRATION.— Plate  49. 

FLORISTICS.— 

(i)  Berar,  Maharashtra  (VAHID)  — 

1.  &  11.  Acacia  arabica,  A.  eburnea.  Balanites  aegyptiaca,  Dichrostachys  cinerea.  Acacia 
leucophloea,  Prosopis  spicigera',  i^izyphus  vulgaris,  Phoenix  sylvestris  (wet  ground), 
Azadirachta  indica. 

HI.  Cassia  auriculata,  Capparis  grandis. 

IVa.  Cassia  tora. 

IVb.  Heteropogon  contortus,  Ischaemum  pilosum,  Chrysopogon  fulvus,  Dichanthium 
annulatum  etc. 

_ 'Phe  Berar  forests  have  undoubtedly  been  fundamentally  altered  by  human 

.nfluencc.-,  but  the  type  is  a  well  defined  one. 


_6V  4,17  aSgH  Stinpj 


BABUL  FOKEST 

Pure  Acacia  arabica  on  black  cotton  soil,  subject  to  heavy  grazing.  Lontek,  Amraoti  Division,  Maharashtra. 


HARDWICKIA  FOREST  ,  . ,  u  uc 

Residual  group  of  Hardwickia  blnata.  with  Cassia  auriculata  and  other  unpalatable  shrubs 
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E4.  Hardwickia  forest 

DESCRIPTION.— The  forest  has  the  general  appearance  of  the  group  but  the 
predominance  of  Hatdwickia  binato.  which  is  nearly  evergreen  and  of  different  habit  from 
its  associates  gives  it  a  character  of  its  own.  Most  forests  have  been  much  maltreated, 
grazed  and  burnt.  Pure  consociations  are  often  found  within  the  dry  deciduous  type 
akin  to  but  much  more  restricted  than  consociations  of  dry  teak. 

DISTRIBUTION. — Scattered  in  blocks  and  patches  in  the  drier  parts  of  the  penin¬ 
sula  from  the  Satpuras  (Khargone,  Kannod  Divisions,  Madhya  Pradesh)  through  Maha¬ 
rashtra  (Khandesh,  Nasik)  southwards  throughout  the  plateau  region  of  Andhra  Pradesh 
and  Mysore  down  to  Salem  in  Madras. 

LOCALITY  FACTORS. — Rainfall  500  to  1000  mm.  The  distribution  of  the  type 
has  not  yet  been  satisfactorily  correlated  with  climatic  and  scil  conditions  although  cdap- 
hic  influences  seem  to  predominate.  It  is  most  characteristic  of  shallow  hard  gravelly 
soils  over  trap  but  occurs  on  a  variety  of  other  rocks  though  then  more  mixed  with  other 
trees. 


ILLUSTRATION.— Plate  50. 

FLORISTICS.— 

(i)  Barwani,  Khargone  Division,  Madhya  Pradesh  — 

1.  &  11.  Hardwickia  binata*  (70%),  Boswellia  serrata,  Lannea  corcmandelica,  Anogeissus 
latifolia,  Albizzia  lebbek,  Lagerstroemia  parvi flora,  Diospyros  tomentosa,  Tectona 
grandis.  Acacia  catechu. 

I  la.  Dendrocalamus  strictus  (o). 

Note.  Similar  floristics  are  found  in  Khandesh,  Mahar.ashfra,  with  a  Cassia  auri- 
culata  undergrowth.  The  Hardwickia  trees  in  better  areas  attain  i  -5  m.  girth  and  2^1  to 

30  m.  height  but  a  dense  pole  cop  is  usual.  On  the  pooler  areas  the  erops  is  purer 
but  rarely  exceeds  15  m.  in  height.  ^ 


(ii) 

I. 

II. 

III. 

(iii) 
I.  &  11. 


S.  Cuddapah,  Andhra  Pradesh  (P.P.  3). _ 

Hardwickia  binata*. 

Acacia  chundra. 

^izvphus  .sp.,  Mimosa  sp. 

Tirupati  Hills,  Andhra  Pradesh.— 

Tel^mlia  santalinus,  P.  marsupium,  Chloroxylon  swietenia 

Te,m,mha  cMala,  T.  ,c„, AliU^ia  lM,k.  Datbngi,  la,i,  olia.  etc,  ’ 

E5.  Butea  forest 

DESCRIPTION— On  flat  ern  1  ti  • . 

scattered  stunted  and  very  malformeTt  a  savannah  appearance  with 

ground  ;  on  lower  hill  slopes  almost  nn!r  ^  standing  over  short  grass  or  bare 

derived  from  basic  rocks  and  yielding  clav^*^”**^-r^^'c"^ 

association  in  degraded  forests  e  found  as  a  conspicuous 

’  rt  in  Kutch, 
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DISTRIBUTION.— Locally  wherever  soil  cenditiens  are  suitable  throughout  the 
dry  deciduous  and  the  moister  and  of  the  Thorn  forests. 

I.OCALITY  FACTORS. — Stiff  badly  drained  clay  soils  or  very  dry  clayey  soils, 
and  particularly  black  cotton  soils  in  illdrained  flats  and  depressions  and  at  the  foot  tf 
hills  are  characteristic  of  this  type. 

ILLUSTRATION.— Plate  51. 

FLORISTICS.— 

(i)  Saraswati  plantations  (Ambala),  Punjab. — 

I.  Butea  monosperma*  in  pure  patches  ;  occasional  Ficus  religiosa.  Acacia  leucophloea, 
Acacia  arabica,  Salvadora  oleoides,  Capparis  sepiatia,  C.  decidua,  Zizyphus  mauratiana, 
Z-  nummularia. 

IVa.  Suaeda  fruticosa  (in  saline  patches). 

IVb.  Vetiveiia  zizanioides,  Desmostachya  bipinnata,  Erianthus  munja,  Cynodon  dactylon, 
Eleusine  sp.,  Sporobolus  marginatus  (in  saline/alkaline  patches). 

(ii)  Chittorgarh  Division,  kajasthan  (SAXENA). — 

1.  &  II.  Butea  monosperma* {a) ,  Acacia  leucophloea  (f),  Prosopis  spicigera  (c). 

III.  Z^zyphus  mauratiana  (c),  Z-  nummularia  (c),  Tephrosia  purpurea.  Mimosa  rubica- 
ulis. 

IVa.  Indigofera  cordifolia,  Acanthaceae,  Compositae. 

IVb.  Apluda  mutica,  Heteropogon  contortus,  Iseilema  laxum  (c),  Bothriochloa  pertusa. 

General  Note. — Butea  is  often  found  in  small  patches  in  valley  types  cf  forests 
through  the  entire  region  particularly  in  the  teak  and  Anogeissus  pendula  type  where  it  is 
usually  associated  with  Terminalia  and  Syzygium. 

This  is  a  pronounced  edaphic  subtype  though  sometimes  it  cccurs  due  to  maltreat¬ 
ment  in  dry  deciduous  and  Acacia  scrub  forests. 


E6.  Aegle  forest 


DESCRIPTION. _ An  open  dry  deciduous  forest  in  which  Aegle  marmelos  predomi¬ 


nates  often  forming  nearly  pure  consociations.  It  is  only  leafless  for  a  short  pericd. 

DISTRIBUTION  — In  the  dry  deciduous  and  the  drier  part  of  the  moist  deciduous 
tracts  being  well  represented  in  Gonda  and  Bahraich  divisic  ns  of  Uttar  Pradesh,  Palamau 
division  in  Bihar  and  Chittcr  division  of  Rajasthan. 


time! 


not  occur. 
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BUTEA  FOREST 

Pure  Butea  monosperma  on  badly  drained  soil;  lopped  for  lac  cultivation.  Warseoni,  Balaghat  Division, 

7FRI&C/64]  Madhya  Pradesh.  M.  V.  Laurie 
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ILLUSTRATION. — TROUP;  F’g.  69. 

FLORISTICS.— 

(i)  Motipur  and  C'lakia,  Bahraich  Division,  U.P. — 

Aegle  mamelos*,  Diospyros  tomentosa,  ^izyphus  glaberrima.  Acacia  catechu,  Adina 
cordifolia,  Lannea  coromandelica,  Shorea  robusta. 

(ii)  Sernalpur  forest,  Chittorgarh  Forest  Division,  Rajasthan  (SAXENA).— 

I.  &  II.  Aegle  marmelos*.  Acacia  catechu. 

III.  Mimosa  rubicaulis,  Myctanthes  arbor-tristis. 

IVa.  Compositae  spp. 

IVb.  Heleropogon  contortus,  Aristida  spp.,  Apluda  mutica. 

V.  No  climbers. 

Noth. — This  type  extends  over  200  ha.  in  this  block. 

General  Note. — The  type  occurs  as  islands  in  dry  sal  or  inferior  moist  sal  forest 
in  which  it  is  said  to  be  encroaching  and  indicates  signs  of  progressive  dessicaticn  Aegle 
has  great  powers  of  reproduction  by  rootsuckers.  These  forests  form  a  well  defined  edaphic 
climax. 

E7.  Laterite  scrub 

NOMENCLATURE.— Kerala— scrub.  (DAVIS). 

DESCRIPTION. — Inegulai-  open  scrub  of  stunted  trees  of  deciduous  habit,  some¬ 
times  with  thorny  species  dominating,  with  thin  undergrowth  including  xerophytic 
evergreens. 

DISTRIBUTION. — On  the  west  coastal  plains  from  Kanara  down-wards  to  Kerala. 

LOCALITY  FACTORS. — The  climate  is  that  of  the  semi-evergreen  or  even  ever¬ 
green  forest,  but  the  type  is  determined  by  the  dry  shallow  soil  which  Is  usually  hard 
laterite,  probably  exposed,  denuded  and  hardened  by  human  influences. 
FLORISTICS.— 

(i)  N.  Kanara,  Mysore  (ARORA). — 

I.  Terminalia  chebula,  Careya  arborea,  Santalum  album  (o). 

II.  &  III.  Gardenia*,  Pavetta,  Ixora  coccinea,  Glochidion,  Flacourtia  indica,  F.  montana,  Osyris 
wightiana,  Randia  dumetorum* ,  Canthium  dicoccum. 

V.  Dalbergia  sympathetica,  Jasminum  malabaricum,  Celastrus  paniculata,  Zizyphus  spp. 

(ii)  N.  Mangalore  Division,  Mysore.— 

cia  chundra  ,  Litsea  wightiana*,  Buchanania  lanzan,  Lannea  coromandelica, 
Anacardmm  occidentale  (planted  or  natural). 

II.  Santalum  album.  Gardenia  gummifera. 

There  is  an  obvious  resemblance  to  the  Southern  thorn  forest  (cf.  p.  231). 
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(iii)  Kerala  (CHANDRASEKHARAN) 

I.  &  II.  Stunted  trees  of  Terminalia  tomentosa,  T.  paniculaia*,  Careya  arborea, 
Emblica  officinalis,  Strychnos  nux-vomica*,  Buchanania  lanzan,  Lannea  coromandelica, 
Bridelia  retusa,  Tectona  grandis  (o),  Butea  monosperma. 

Ill*  Calycopteris  floribunda,  Carissasp.,  Dodonaea  viscosa,Combretum  sp.,  Z^zyphusr>p., 
Holarrhena  antidysenterica,  Randia  sp.,  Pavetta  sp.,  Calotropis  sp. 

IVa.  Cassia  tora,  Sida  rhombifolia,  etc. 


E8.  Saline/alkaline  scrub  savannah 


DESCRIPTION. — Irregular  semi-savannah  growth,  occasionally  dominated  by 
single  tree  species,  patches  of  low  tree  and  shrub  growth  alternating  with  grassy  areas  or 
bare  soil  covered  with  white  efflorescence  (w'here  salt  concentration  is  very  high). 

DISTRIBUTION. — Throughout  the  Indo-Gangetic  plains  and  locally  in  valley 
in  the  peninsular  region. 

LOCALITY  FACTORS. — The  climate  is  that  associated  with  the  dry  deciduous 
forests.  The  soil  is  alluvial,  usually  clayey,  occasionally  with  a  stiff  clay  or  concre¬ 
tionary  lime  pan  not  much  below  the  surface,  with  saline/alkali  salts  concentrated  in 
the  upper  layers.  External  and  internal  drainage  are  both  usually  restricted. 

SUB-DIVISIONS.— 

Differences  in  locality  factors  chiefly  topographic  and  edaphic  necessitate  recognition 
of  the  following  subtypes. 

a — Phoenix  savannah. 
b — Babul  savannah. 
c — Salvador a-Tamarix  scrub. 


E8a.  Phoenix  savannah 


narrow 
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Sub-type  5j{E8alE8blEBc)  ^ 

In  Southern  India  Borassus  often  occupies  an  identical  niche  in  the  general 

habitat,  either  by  itself  or  mixed  with  Phoenix  sylvestns. 

ILLUSTRATION— Plate  52. 

E8b.  Babul  savannah 

In  the  old  alluvium  region  of  Punjab  and  Uttar  Pradesh  and  elsewhere  in  northern 
India  extensive  patches  of  land  occur,  characterised  by  high  salme/alkaline  conditions 
(with  or  without  a  lime  pan).  Similar  conditions  are  developed  in  the  black  cotton 
soil  region  in  the  peninsula.  The  characteristic  vegetation  is  an  open  savannah  with 
scattered  trees  and  a  few  bushes  over  low  grass.  The  ground  is  bare  where  the  concen¬ 
tration  of  salts  is  excessive. 

FLORISTICS.— 

Uttar  Pradesh — 

I.  &IL  Acacia  arabica  (o),  Acacia  leucophloea  (r),  Butea  monosperma*  (c),  (Lowlying 
areas)  Azadirachta  indica  (1),  Salvadora  oleoides,  S.  persica. 

III.  Capparis  decidua  (o),  C.  sepiaria  (o). 

IVa.  Aeschynomene  indica,  Murdannia  nudiforum,  Cyanotis  axillaris*,  Corchorus  aestuans, 
Portulaca  oleracea,  P.  tuberosa,  Oldenlandia  diffusa,  etc. 

IVb.  Grasses  ;  Sporobolus  marginatus*  (va) ,  Chloris  montana*  (la),  Cynodon  dactvlon* 
(la),  Aristida  hystrix,  Desmostachya  bipinnata,  Paspalidium  flavidum. 

Sidges  ;  Alysicarpus  bupleurifoUus ,  Cyperus  aristatus,  C.  compressus. 


E8c.  Salvadora-Tamarix  scrub 

In  western  Uttar  Pradesh,  Punjab,  Rajasthan,  Saurashtra  etc.  the  saline/alkaline 
soils  support  a  Salvadora-Tamarix  community  corresponding  to  the  Acacia  community  of 
the  moister  regions  to  the  east.  Acacia  arabica  occurs  in  specially  favourable  situations; 
elsewhere  Salvadora  oleoides,  occasionaly  S.  persica  and  locally  Tamarix  aphylla  form  chara¬ 
cteristic  associations.  The  usual  undergrowth  is  Calotropis  procera,  C.  gigantea,  Capparis 
decidua,  Indigofera  sp.  and  locally  T amarix  dioica,  Suaeda  fmticosa  and  Salsola  Joetida. 

FLORISTICS.— 

Karnal,  Punjab — 

I.  Acacia  arabica,  Prosopis  spicigera  {both  occasional),  Tamarix  aphylla  *  Salvadora 

oleoides* ,  S.  persica. 

II.  Capparis  decidua,  C.  sepiaria,  Zizyphus  mauratiana,  Randia  sp 

III.  Calotropis  procera,  C.  gigantea,  Kochia  indica. 
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IVa.  Suaeda  fruticosa,  Salsola  foetida  (on  saline  soils). 

IVb.  Sporobolus  marginatus,  Cenchrus  barbatus,  Eleusine  compressa,  DactylocUnium 
aegyptium,  Tragus  bijlorus. 


E9.  Dry  bamboo  brakes 

DESCRIPTION. — Only  one  species,  Dendrocalamus  strictus,  occurs  and  forms  rela¬ 
tively  low  (rarely  over  7  m.)  but  often  dense  brakes.  Where  grazed,  etc.  the  bamboo 
grows  in  dense  patches  with  the  grass  and  deciduous  often  thorny  shrub  between.  A 
scattered  overwood  of  the  hardier  species  of  the  dry  deciduous  forest  may  indicate  the 
dominance  of  the  bamboo  to  be  only  secondary.  Sometimes  there  is  practically  no  over¬ 
wood. 

DISTRIBUTION. — Throughout  the  dry  deciduous  type  in  India,  with  marked  local 
preponderance.  Good  examples  occur  in  Punjab  (Hoshiarpur),  Uttar  Pradesh  (Lans- 
downe),  Bihar  (Palamau  etc.),  Rajasthan  (Banswara),  Gujarat  (Vijara),  in  most  divisions 
of  Madhya  Pradesh,  Maharashtra  and  Mysore,  in  Madras  (Salem)  etc. 

LOCALITY  FACTORS. — Occurs  mainly  on  dry  hillsides  but  also  on  alluvium  with 
rainfall  of  900  mm.  or  rather  more.  The  soil  is  dry  most  of  the  year  and  often  shallow 
and  stony  as  well. 

ILLUSTRATION.— Plate  53. 

FLORISTICS.— 

(i)  General 

Dendrocalamus  strictus*  with  a  sprinkling  of  the  tree  and  shrub  species  of  the  local 
form  of  dry  deciduous  forest,  thus  in  C.  and  S.India  teak,  Boswellia  serrata,  Sterculia  urens 
and  Cochlospermum  religiosum,  in  N.  India  Anogeissus  latifolia  and  Lannea  coromandelica. 

Note— Biotic  factors  certainly  influence  the  occunenccof  this  bamboo  brake  and 
the  absence  of  trees  may  often  be  due  to  them,  but  apparently  natural  examples  also 
occur  appearing  to  be  associated  with  soil  conditions. 

For  a  comprehensive  account  please  see  DEOGUN  (1937). 


seral  types  of  dry  deciduous  forests 

Primary  Seral  Types 

1 51  Dry  tropical  riverain  forest. 

1 52  Khair-Sissu  forest. 

1 53  Inundation  babul  forest. 
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Secondary  Seral  Types 

2S1  Secondary  dry  deciduous  forest. 


Primary  Seral  Types 


iSi.  Dry  tropical  riverain  forest 

DESCRIPTION. — An  irregular  overwood  of  greater  height  than  the  climax  dry 
deciduous  forest,  and  the  trees  often  being  of  larger  size  and  forming  patches  and  strips 
with  varying  amounts  of  smaller  trees  and  shrubby  undergrowth.  The  foliage  is  more 
or  less  evergreen  in  several  of  the  chief  dominants.  The  soil  is  often  bare  sand,  which 
may  first  be  colonised  by  shrubs  or  grass. 


DISTRIBUTION. — Narrow  strips  along  the  hilly  sections  of  the  larger  streams 
in  the  dry  deciduous  forests  widening  as  the  valleys  get  broader  and  extending  into  the 
moist  deciduous  types  also. 


LOCALITY  FACTORS. — A  light  sandy  soil  often  overlying  more  or  less  impervious 
rock  (Deccan  trap  being  typical)  liable  to  be  temporarily  submerged  during  the  short 
monsoon  period,  and  usually  retaining  adequate  water  supplies  most  of  the  year.  Air 
temperatures  must  be  relatively  high  owing  to  radiation  from  the  exposed  rock  and  sand. 

ILLUSTRATION. — cf.  Plate  37. 

FLORISTICS.— 

(1)  Mahi  river,  Banswara  Division,  Rajasthan.  (After  SAXENA).— 

I.  &  II.  Eugenia  heyneana  (f),  Terminalia  arjuna*  (f),  Holoptclea  integrifolia  (o). 

III.  Tamarix  dioica  (la),  Vitex  negundo  (la),  Typha  angustifolia  (la). 

IVa.  Compositae,  Borreria  hispida,  Sarcostemrna  parvifolia. 

IVb.  Cynodon  dactylon,  Cyperus  spp.  (sedge). 

V.  No  climbers. 


reeion7evelons".’"a^^^"  xerophytic  element  of  the  typical  flora  of  the 

folia,  Borreria  hispida,  and  grasses  such  a.  herbs  like  Sarcostemrna  parvi- 

There  are  no  climbers.  ^  ^  Eragrostis  tremula,  Cenchrus  spp.,  Apluda  etc. 

WaingangajWardha  river  junction,  S.  Chanda  Division,  Maharashtra.- 
erminaha  arjuna*  (a) ,  Anogeissus  acuminata  (f),  Mitragyna  parvifolia  (o). 

">^^labaricT{7)‘'' salvifoliurn  (a),  Bauhinia 

Strychnos  nux-vornica  (o)  Tam"  •  i  tomentosa  (o),  Butea  monospermc, 

vomica  (o),  Tamarmdus  indica  (o),  Mallotus  philippensis  (f). 


(ii) 

I. 

II. 
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III.  Helic  teres  isora  (o). 

IVb.  Very  little  grass. 

V.  Derris  scandens  (o),  climbers  very  few. 

Note.  The  shrub  consocies  of  Homonoia  spp.,  Tamarix  dioica,  Ficus  spp.,  Eugenia 
hfyneana,Vitex,  Acacia  jacquemontii,  etc.  which  grow  in  the  actual  river  bed  and  are  adapted 
to  complete  submersion,  are  met  with  in  adjoining  sites.  These  shrubs  are  characterised 
by  long  flexible  branches  which  give  to  the  moving  water  and  usually  by  elongate  simple 
leaves.  The  tree  species  occur  on  stabilised  or  rocky  banks  or  in  islands  where  pockets 
of  firm  soil  exist. 


iS2.  Khair-Sissu  forests 

NOMENCL.\TURE.— The  Hindustani  names  of  the  two  characteristic  trees  are 
so  well  known  that  their  use  to  designate  the  type  is  justified. 

DESCRIPTION. — A  deciduous  forest  in  which  Dalbergia  sissoo  predominates. 
The  canopy  is  light  but  usually  fairly  complete  and  i8  to  25  m.  high.  Acacia  catechu  is 
usually  but  not  always  present,  it  does  not  grow  as  tall  as  the  Dalbergia  and  in  the  mixture 
is  often  relatively  inconspicuous,  but  sometimes  it  occurs  pure.  The  older  woods  have 
more  or  less  definite  understorcy  which  is  mainly  composed  of  young  trees  which 
will  in  time  replace  the  khair-sissu  as  the  natural  succession  takes  place.  There  is  often 
a  dense  deciduous  shrubby  undergrowth  in  the  older  woods  still  leaving  much  of  the 
sandy  soil  exposed ;  the  opener  parts  carry  a  few  herbs  of  which  Cannabis  saliva  is  locally 
dominant  and  grass  of  one  or  two  species  among  which  the  xerophytic  Saccharum 
spontaneum  is  very  characteristic.  These  woods  have  one  marked  feature  in  which  they 
resemble  the  moist  more  than  the  dry  deciduous  in  that  they  come  early  into 
leaf  (March)  and  are  in  full  leaf  throughout  the  hot  weather ;  this  is,  however,  actually 
a  specific  character  of  the  dominant  Dalbergia  not  shared  by  most  of  its  associates. 

DISTRIBUTION. — Along  all  the  larger  rivers  of  N.  India,  on  new  sandy  or 
gravelly  alluvium  in  Punjab,  Uttar  Pradesh,  Bihar,  Bengal  and  Assam. 

LOCALITY  FACTORS.— The  influence  of  the  soil  so  far  exceeds  that  of  climate 
that  the  type  is  obviously  the  same  from  the  Punjab  to  Assam  as  the  first  tree  association  to 
colonise  new  deposits.  There  is  an  ample  water  supply  at  a  moderate  depth  though 
the  upper  soil  may  be  very  porous  hot  and  dry  during  the  summer  and  is  almost  devoid 
of  humus.  The  soil  is  unstable  and  may  be  washed  away  at  any  time. 

ILLUSTRATION  — Plate  54. 

FLORISTICS  — 

Pure  KhaiR  Type 

(i)  Sonari  block,  Gorakhpur,  U.P.— 

Acacia  catechu*,  Tamarix  dioica,  Calotropis  procera,  Ttltacora  acuminata. 


-TIT  agpH  giii->p  I 


KHAIR-SISSU  FOREST 

Acacia  catechu  and  some  Dalbergia  sissoo  with  Holoptelea  integrifolia  coming  in  beneath.  Complete  undergrowth 

of  Adhatoda  vasica  mixed  with  Helicteres  isora.  Lachiwala,  Dehra  Dun  Division,  Uttar  Pradesh.  A.  £.  Osmoston 


Type  5/152 
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Pure  Sissu  Type 

(ii)  Punjab. — • 

I.  Dalbergia  sissoo.* 

II.  Tamarix  dioica.  Acacia  farnesiana  (nat.). 

IVb.  Saccharum  spontaneum,  Erianthus  munja. 

(iii)  Lansdowne  Division,  U.P.  (Preservation  Plot  No.  26,  N.E.  part). — 

I.  Dalbergia  sissoo*  (pure). 

IVa.  Cassia  tora  (pure). 

IVb.  Erianthus  munja  (in  open). 

(iv)  Kalagarh  Division,  U.P.  (Preservation  Plot  No.  14). — 

I.  Dalbergia  sissoo*  (pure). 

III.  Cannabis  saliva,  Pogostemon  plectranlhoides,  Grewia  oppositifolia,  Trema  politoria. 

IVb.  Saccharum  spontaneum,  Chrysopogon  fulvus,  C.  gryllus,  Apluda  mutica,  Bolhriochloa 
pertusa,  Vetiveria  zizc^nioides. 

(v)  Haldwani  Division,  U.P.  (Preservation  Plot  No.  12). — 

I.  Dalbergia  sissoo*  (pure). 

II.  Holoplelea  integrifolia  (pure). 

III.  Murraya  koenigii. 

IVb.  Light  grass  (Gharkuti). 

V.  Vallaris,  Millettia. 

Note.  Holoplelea  started  coining  in  under  sissu  overwood  when  the  latter  was  about 
15  years  old.  There  were  164  trees  of  sissu  and  274  of  Holoplelea  in  1940  when  the  crop 
was  about  35  years  old.  By  i960,  at  55  years  age  all  sissu  had  disappeared  leaving  pure 
Holoplelea  overwood. 

Mixed  Sissu-KnAm  Type 

(vi)  Ganges  Islands,  Lansdowne  Division,  U.P. — 

I.  Dalbergia  sissoo,*  Acacia  catechu.* 

II.  Holoplelea  integrifolia,  ^izyphus  mauratiana,  Ehretia  laevis. 

III.  Adhatoda  vasica*,  Murraya  koenigii,  Helicteres  isora,  Calotropis  procera. 

IVb.  Saccharum  spontaneum,  Erianthus  munja,  Arislida  cyanantha. 

Note.  Tamarix  dioica  and  naturalised  Acacia  farnesiana  occur  up  the  smaller  tribu¬ 
taries. 

(vii)  Sarda  Islands,  Haldwani  Division,  U.P. _ 

I.  Dalbergia  sissoo,*  Acacia  catechu.* 

II.  Holoplelea  integrifolia,  Breynia. 

III.  Adhatoda  vasica,  Pogostemon  plectranlhoides. 
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IVb.  Sacchanim  spontaneum*  etc. 

(viii)  Jaldapara,  Cooch  Behar  Division,  W.  Bengal,  on  new  gravel  and  sand  beds. 

I.  Dalbergia  sissoo,*  Acacia  catechu  (locally). 

IVb.  Saccharum  spontaneum. 

Note. — On  older  terraces  Salmalia  malabarica,  Albizzia  procera  (a),  Bischofia  javanica 
(f)  with  Acacia  catechu  (la)  Dillenia  sp.  (f),  Trema  sp.  (o)  are  sprinkled  over  dense  4-5  m. 
high,  Saccharum  procerum  with  Phragmites  karka  (a) ,  Themeda  arundinacea  (f)  and  Imperaia 
cylindrica  (If).  On  older  and  higher  ground  occurs  a  wet  mixed  forest  with  a  few  sal  and 
canes  and  ferns  on  the  ground. 

(ix)  Teesta  River,  W.  Bengal. — 

I.  Dalbergia  sissoo,*  Acacia  catechu,*  Albizzia  procera. 

II.  Premna  spp. 

III.  Croton  caudatus,  Acacia  spp. 

IVb.  Erianthus  arundinaceus ,  E.  ravennae  etc. 

General  Note. —  Tamarix  dioica  sometimes  precedes  the  khair-sissu,  and  the 
Asclepiad,  Orthanthera  viminea  also  forms  societies  on  the  gravel  beds.  In  the  moister 
climates  to  the  east,  the  grass  growth  is  heavier  and  includes  big  tufted  species  rarely  seen 
in  the  west  ;  the  succession  is  also  much  more  rapid  and  even  Shorea  robusta  may  be  found 
slowly  getting  a  footing  among  the  Dalbergia  and  Saccharum  spontaneum. 

Dalbergia  sissoo  never  regenerates  under  a  parent  crop,  and  the  species  is  completely 
displaced  in  the  second  tree  generation.  Acacia  catechu  is  more  persistent  and  is  generally 
present  in  the  next  marked  stage.  Holoptelea  integrifolia  is  not  rarely  found  forming  a 
complete  underwood  to  sisstt  and  ultimately  replaces  it  as  a  pure  crop  particularly  on 
bouldery  soil.  More  generally,  however,  Salmalia  malabarica,  Adina  cordifolia,  Albizzia 
procera,  Moringa  oleifera,  Kydia  calycina,  Lagerstroemia  parvijlora,  Gmelina  and  other  species 
with  Cedrela  wherever  conditions  are  fairly  moist  and  Anthocephalus  cadamba  in  the  east, 
find  a  footing,  and  as  the  sissu  drops  out,  form  a  mixed  deciduous  forest  which  may  pro¬ 
gress  further  to  moist  sal  forest,  or  to  semi-evergreen  according  to  climatic  conditions. 
In  Punjab,  the  progression  is  in  the  other  direction  to  the  local  dry  climatic  types.  Cf. 

SMYTHIES,  1921. 


I  S3.  Inundation  babul  forest 

DFSCRIPTION. — A  fairly  complete  canopy  10  to  15  m.  high  formed  liy  practically 
nure  crops  o{  Acacia  arabica.  As  the  level  is  raised  and  the  soil  gets  drier,  the  species  of  the 
Climax  type  represented  by  Prosopis  spicigera.  Acacia  leucophloea  and  occasionally  Acacia 
r1X(persisting  and  stabilised  from  the  serai  stage)  appear.  There  may  be  scat- 
sSs  of  Zi^pkus  spp..  Carina  op...  c.c.  and  den.  short  grass. 

distribution. — Along  the  larger  streams  in  Maharashtra  and  C.  India,  locally 
in  N,  India. 
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LOCALITY  FACTORS. — The  river  generally  begins  to  rise  at  the  beginning  of 
May  and  the  rise  continues  with  some  interruptions  till  about  the  middle  c  r  end  of  July 
and  sometimes  later.  Thereafter  it  generally  subsides  and  reaches  its  winter  level  about 
the  end  of  October.  Actual  flooding  for  about  6  weeks  is  necessary  for  good  development. 
There  is  however,  a  great  deal  of  variation  from  year  to  year  and  erosion  and  depcsiticn 
IS  constantly  in  progress.  Fires  are  likely  to  occur  in  the  heavy  grass  from  December  to 
May.  Grazing  is  usually  very  heavy. 

FLORISTICS.— 

(i)  Doaba  Block,  Bahraich  Division,  U.  P. — 

1.  Acacia  arabica*. 


IVh.  Grass  abundant. 

Note. — Acacia  catechu,  ^izyphus  mauraliana,  Carissa  opaca  etc.  occur  on  adjoining 
gr  >und  not  liable  to  inundation. 

(ii)  Dhond,  Poona  Division,  Maharashtra. — 

1.  Acacia  arabica*,  Azadirachta  indica  (naturalised),  Ailanlhus  excelsa. 

II.  Pongamia  pinnata,  Zizyphus  mauratiana. 

General  Note, — This  form  grows  under  different  soil  conditions  from  the  black 
S“)il  sub-type,  cf.  p.  214. 

Secondary  Seral  Types 


2S1.  Secondary  dry  deciduous  forest 

DESCRIPTION. — An  inferior  form  of  the  climax  type  marked  by  the  poor  shape 
and  size  of  the  trees,  absence  of  old  trees  except  sometimes  scattered  semi-cultivated  cr 
useless  species,  and  irregular  stocking.  Th.orny  species  and  species  unpalatable  to  cattle 
tend  to  predominate.  Sandal  is  an  important  and  often  characteristic  feature. 

DISTRIBUTION. — Throughout  the  dry  deciduous  forests  extending  into  the  drier 
parts  of  the  moist  decid'ious. 

LOCALITY  FACTORS.— As  for  the  general  group  (cf.  p.  190)  but  the  forest  has 
been  subjected  to  more  or  less  c  .mplete  clearance  at  some  time  in  the  past  for  shifting  or 
semi-permanent  cultivati'  n  and  has  gr.  wn  up  again,  usually  subject  to  heavv  use  for 

grazing,  fuel  and  small  limber.  Tlie  surface  soil  is  commonly  hard  and  impervious 
from  exposure  and  trampling.  ^ 

FLORISTICS.— 

(1)  Partapgarh  forests,  Banswara  Division,  Salamgarh  Range,  Rajasthan.  (SAXENA).— 

1.  &  II.  Prosopis  spicigera*,  Salvadora  oleoides* ,  Terminalia  tomentosa,  Santalum  album 
Butea  monosperma,  Mitragyna  parvifolia.  * 

Lantana  camara,  Holarrhena  antidysenterica,  Nydanthes  arbor-tristis  (o). 

Cassia  tora,  Ocimum  americanurn,  Xanthium  strumarium,  Echinops  echinatus 

V>.  Echinops  echinatus,  Sehima  nervosum,  Themeda  quadrivalvis,  Echinochloa  coionum 
Cynodon  dactylon,  Apluda  mutica,  Aristida  etc, 


HI. 

IVa. 
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V.  No  climbers. 

Note. — The  toiJ  canrpy  is  very  open;  sandal  occurs  near  cultivated  fields. 

(ii)  Dharwar  Taluka  forests,  Mysore. — 

I.  Salmalia  malabarica,  Buchanania  lanzan,  Grewia  tiliaefolia,  Elaeodend.on  glaucum, 
Schleichera  oleosa,  Lannea  coromandelica,  Semecarpus  anacardium,  Tectona  grandis. 

II.  Feronia  limonia,  Aegle  marmelos,  Z^zyphus  xylopyrus,  Careya  arborea,  Gardenia  spp., 
Dolichandrone  atrovirens,  Santalum  alburn*. 

III.  Dodonaea  viscosa* ,  Carissa  spinarum,  Holarrhena  antidysenterica,  Lantana  (la). 
Note. — An  open  park  like  forest  in  which  the  trees  grow  in  groups  separated  by 
grassy  glades  made  often  well  nigh  inipenetrable  by  Lantana  brakes. 

General  Note. — These  examples  are  typical  and  it  is  unnecessary  to  give 
others.  Soymida  has  been  quoted  (VAHID)  as  a  species  colonising  abandoned  cultivation. 


GROUP  6.  TROPICAL  THORN  FORESTS 
Sub-group  6 A.  Southern  Tropical  Thorn  Forests 

I.  NOMENCLATURE 

Madhya  Pradesh  .  .  .  .  • 


Maharashtra  . 


Madras  and  Mysore 


Thorn  forests.  , 

Babul  bans. 

Thorn  forests. 

Thorn  and  scrub  foiests. 
Riverain  babul. 

Scrub  jungle. 

Semi  desert  scrub. 

Acacia  chundra  forest. 


2.  GENERAL  DESCRIPTION 

An  open  low  forest  in  which  thorny  usually  hard^^ooded  species  predominate,  Acacia 
Odd  being  particularlv  characteristic.  The  trees  usually  have  short  boles  and  low  branch- 
ine^cl-owns^vhich  rarelv  meet.  The  usual  height  is  6  to  9  m.  There  is  usually  a  mix  ure 
oApecies  (though  relatively  fexv  in  number),  consociations  being  the  exception  rather 
In  Arrul..  Ther.  is  an  ill-defined  lower  storey  of  smaller  trees  and  large  Arabs 
mostly  spiny  and  often  with  other  xerophytic  charaeters,  extenoing  °",n„(:ar 

Growth  of  similar  character.  There  is  usually  a  thin  grass  growth  whtch  may  appea 
fairly  complete  during  the  short  moist  season,  hut  more  or  less  of  the  sot  is  tare.  im 
arc  few,  also  frequently  showing  xerophytic  adaptations. 

3.  DISTRIBUTION 

extremeA^ttTltlmlt^^^^^^^ 

Pradesh,  Mysore  and  Madras. 

4.  LOCALITY  FACTORS 

rrttl^rrulurr.-Data  for  a  selection  of  representative  stations  is  given  on  the  next  page. 
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Sub-group  SAjType  dAjCl 

The  mean  annual  temperature  is  not  appreciably  higher  than  for  the  other  tropical 
types,  being  typically  25-5°  C.  A  few  places  such  as  Bellary  are  hotter  and  Bangalore 
with  its  extra  300  m.  of  altitude  a  few  degrees  cooler.  The  hottest  month  is  May  when 
the  monthly  mean  is  usually  29-5  to  32°  C.  whilst  the  mean  maximum  is  usually  over 

4i°C.  The  January  means  are  a  little  over  21  °G.  with  mean  minimum  varying  from 

as  low  as  4-4°  G.  (Akola)  up  to  i3-3°G  (Goimbatore)  som.e  10°  latitude  further  south. 

Rainfall  and  Humidity.— Th.t  rainfall  data  for  the  same  localities  with  one  additional 
station  are  given  on  the  next  page. 

Mysore  exemplifies  conditions  verging  on  those  characteristic  of  the  dry  deciduous. 
Although  Akola  receives  a  longer  rainfall,  the  humidity  is  lower.  Ihe  much  greater 
humidity  of  the  southern-most  stations  will  be  noted,  northern  stations  being  well  below 
60.  There  is  typically  practically  no  rain  from  November  to  April  inclusiv'e  and  very 
little  in  May,  at  least  two-thirds  and  usually  a  larger  proportion  of  the  precipitation 
occurring  as  monsoon  rain  in  June  to  October.  Goimbatore  has  a  different  distribution 
with  October  and  November  as  the  only  months  with  a  fall  over  too  mm.,  very  little  rain 
being  derived  from  the  S.  W.  monsoon. 

Soil. — The  type  is  met  with  on  a  wide  range  of  geological  formations  and  rocks.  The 
soil  is  almost  always  shallow  and  dry,  though  it  may  be  of  fair  depth  if  sandy.  The 
type  also  predominates  on  the  black  cotton  soil  of  Berar  and  elsewhere,  and  with  much 
higher  rainfall  on  hard  laterite  soil.  In  many  localities  the  soil  is  very  alkaline.  Most 
of  the  forest  is  on  fltt  ground  or  low  undulating  hills  and  plateaux. 

5.  GENERAL  FLORISTIGS 

The  genus  Acacia  with  a  number  of  species  and  several  other  allied  genera,  is  cl)arac- 
teristic  above  all  others.  Fleshy  Euphorbias  are  generally  present  and  may  form  a  cons¬ 
picuous  constituent  of  the  vegetation,  and  Capparis  is  also  a  typical  genus,  Opuntia  ha5 
become  naturalised  over  wide  tracts  of  this  type,  but  is  not  indigenous. 

6.  SUBDIVISIONS 

The  thorn  forest  of  the  Garuatic  in  the  Soi.th-East  differs  significantly  in  composi¬ 
tion  etc.,  from  the  rest.  A  general  scrub  form  and  another  in  which  Euphorbia  predomina¬ 
tes  aie  also  differentiated  as  degradation  stages.  Edaphic  influences  are  probably 
involved  in  the  formation  of  the  Euphorbia  type. 

G I  — Southern  thorn  forest. 

G2 — Carnatic  umbrella  thorn  forest. 

DSi — Southern  thorr  scrub. 

DS2 — Southern  Euphorbia  scrub. 


Ci. 


Southern  thorn  forest 

j  •  ,  ^his  is  the  central  form  of  the  type  as  described  on  p.  226. 

ss,  A.  chundra)  is  almost 

17_7  F. c'/64^^  ^  necessarily  predominating,  is  very  often  so.  With 
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Type  6.1 /Cl 

it  are  associated  several  other  Acacias  and  allied  thorny  Mtmosac  and  usually  Z^zyphus 
.pecime„,  or  .he  trees  of  ,he  .U  y  deciduous  fores, 
numbers  .hroughout,  notably  Amgd>ius  lolfha,  Soym,da  and  the  like, 
fleshy  Euphorbias  are  not  infrequently  met  with. 

DISTRIBUTION.— The  most  widely  spread  form  i  ccurring  throughout  the  tract 
occupied  by  thorn  forests  except  on  the  south  coastal  tracts  where  it  is  replaced  by  C2. 

LOCALITY  FACTORS.— Those  of  the  Sub-group,  jeepp.  29.6-229. 


ILLUSTRATION.— Plate  55. 

FLORISTICS.— 

(i)  Lontek,  Amraoti  Division,  Maharashtra. 

I.  Acacia  leucophloea*  (a),  A.  arabica*  (f),  Balanites  aegyptiaca  (f),  Cordia  dichoioma 
(6  m.  high). 

II.  Dichrostachys  cinerea*  (a),  Phoenix  (o),  Gymnosporia  sp.  (o),  Z^zyphus  mauratiana 

(f)- 

III.  Mimosa  hamata*  (a),  Calotropis procera  (o). 

IVb.  Heteropogon  contortus  and  other  grasses  forming  a  thin  cover. 

V.  Pergularia  daemia  (a),  Cardiospermum  (f)  etc. 

Note. — Total  cover  about  0.5  with  bare  kankar  patches  heavily  grazed. 


(ii)  Dhond,  Poona  Division,  Maharashtra. — 

I.  Acacia  arabica,  A.  latronum,  Capparis  decidua,  C.  divaricata.  Balanites  aegyptiaca, 
Prosopis  spicigera,  Azadirachta  indica,  (Zizyphus  mauratiana,  Dichrostachys) . 

II.  Mimosa  hamata* ,  Cassia  auriculata. 

IVb.  Aristida  redacta,  A.  royleana,  Heteropogon  contortus*. 


(iii)  Sholapur  Division,  Maharashtra. — 

I.  &  II.  Acacia  catechu*,  A.  leucophloea* ,  Anogeissus  latifolia,  Azadirachta  indica, 
Bauhinia  racemosa,  Flacourtia  indica,  Randia,  Z^zyphus  mauratiana,  Z-  vulgaris. 
Gardenia  gummifera,  Dolichandrone  falcata,  Santalum  album,  Strychnos  potatorum, 
Grewia  tiliaefolia,  I.xora  arborea. 

III.  Mimosa  hamata,  Bridelia  stipularis,  Cassia  auriculata. 


(iv)  Ellora,  Andhra  Pradesh. — 

Aceda  catechu*,  A.  leucophloea*,  Ailanthus  excelsa,  Azadirachta  indica,  Dolichandrone 

falcata,  Gymnosporia  spinosa,  Ixora  arborea,  Carissa  caravdas,  C.  spinarum 
Euphorbia.  ’ 


rv)  Panapakam,  Chittoor  Division,  Andhra  Pradesh.— 


I. 


Albizzid  amara* 
tissima,  Randia 


,  Acacia  chundra* ,  Azadirachta  indica.  Cassia  fistula,  Albizzia  odora- 
dumetorum,  Anogeisstts  latifolia. 
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III. 

IVb. 

V. 

(vi) 

I. 

II. 

III. 

V. 

(vii) 

I.  &  II.  Chloroxylon  swietenia*,  Albizzia  amara,  Acacia  chundra* ,  A.  ferruginaea* , 
Azadirachta  iiidica,  Canlhium  dicoccum,  Erythroxylon  monogymm,  ^izyphus  maura- 
tiana,  Z-  xylopyrus,  Cleislanthus  collinus,  Dichrostachys  cinerea,  Atalantia  monophylla. 

ECOLOGICAL  STATUS.— 

SCHIMPER  was  of  the  opinion  that  thorn  woodland  is  often  the  effect  of  excessive 
cutting  and  browsing  and  so  often  not  a  climatic  formation.  In  Madhya  Pradesh  it  is 
found  that  forest  protection  is  permitting  teak  to  displace  the  less  exacting  species  such 
as  Sterculia  urens  and  Dio^pyros  tomentosa  (VAHID).  3’he  same  applies  to  large  parts  of 
Rajasthan  and  Gujarat  and  no  doubt  elsewhere  too. 

C2.  Carnatic  umbrella  thorn  forest 

DESCRIPTION. — As  open  thorny  forest  in  which  Acacia planifrons  with  its  umbrella 
shaped  crown  is  conspicuous  with  thickets  of  other  species  of  Acacia  and  many  of  the 
xerophytic  evergreen  species  of  the  dry  evergreen  forest.  The  resemblance  to  African 
thorn  (savannah)  forest  is  marked. 

DISTRIBUTION. — Madurai,  Tirunclveli,  Raninad,  Rameshwaram,  Dindigal,  etc. 
in  S.  Madras. 

LOC.4LITY  FACTORS. — The  climate  is  represented  in  the  table  on  p.  230  by 
Tuticorin,  Ramnad  and  Pamban.  It  is  marked  by  the  low  rainfall  received  from  the  S.  W. 
monsoon  in  June-September,  the  bulk  of  the  rainfall  coming  in  October-November. 
Dry  edaphic  conditons  as  at  Dirdigal  or  on  coastal  sand  dunes  at  Pamban,  Ramesh¬ 
waram  etc.  also  result  in  the  development  of  this  type. 

ILLUSTRATION.— Plate  56. 

FLORISTICS.— 

1.  Acacia  planifrons* ,  Albizzia  amara. 

IT  Acacia  lalrontim*,  Dichrostachys  cinerea,  Chlero.xylon  swietenia. 
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Aristida*,  Heteropogon  contortus. 

Zizyphus  oenoplia. 

Dharwar-Bijapur  Division,  Mysore. — 

Acacia  catechu*,  A.  leucophloea* ,  A.  arabica* ,  Aegle  marmelos,  Chloroxylon  swietenia. 
Euphorbia  nivulia.  Ficus  asperrima,  Flacourtia  indica,  Ixora  arborea,  Strychnos  pota¬ 
torum,  Sant  alum  album. 

Carissa  spp..  Cassia  auriculata,  Dodonaea  viscosa,  Opuntia  (nat.) 

Lantana  (nat.). 

Zizyphus  oenoplia. 

C.  Salem,  Madras. — 


CARNATIC  UMBRELLA  THORN  FOREST 

7fRis>.c/64]  Pure  Acacia  planifrons  association.  Kanyakumari,  Madras.  .  H.  G. 
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Plate  57 
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SOUTHERN  EUPHORBIA  SCRUB 

Euphorbia  trigona  association  with  Dodonea  viscosa  and  Cassia  aunculata.  ^ 

Krishnagiri,  Madras.  ‘  '  ^ 


Ill,  Thorny  shrubs. 
V.  Dalberiia  spinosa. 


Type  6T/(C2/£»51/Z>52) 
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DSi.  Southern  thorn  scrub 

Degradation  as  a  result  of  the  usual  maltreatment  results  in  the  formation  of  close 
almost  impenetrable  thorny  thickets,  4 — 6  m.  high,  not  much  different  in  composition 
from  the  undergrowth  characteristic  of  the  prevailing  climax  type,  in  which  the  few 
surviving  trees  stand  out  here  and  there.  Spiny  climbers  are  common. 

Further  degradation  may  result  in  sparse  thickets,  2-4  m.  high  in  which  grasses  are 
more  abundant.  The  floristic  composition  remains  essentially  unaltered. 

FLORISTICS.— 

Plains  Region,  Madras. — 

I.  Albizzia  amara,  Azadirachta  indica,  Chloroxylon  swietenia,  Wrightia  tincloria  (very 
few  and  scattered) . 

III.  ^izyphus  xylopyrus*,  Dichrostachys  cinerea* ,  Capparis  divaricata,  Securinega  leu- 
copyrus,  Randia  dumetorum,  Canthiurn  dicoccum,  Flacourlia  indica. 

V.  Pterolobium  indicum.  Acacia  pennaia. 


DS2.  Southern  Euphorbia  scrub 


DESCRIPTION.— A  very  open  formation  in  which  fleshy  Euphorbias  are  the  most 
important  constituent.  The  thorny  Acacias  and  their  associates  also  occur  but  are  more 
dian  usually  stunted,  and  form  widely  spaced  low  rounded  bushes.  Much  of  the  soil 
IS  bare  but  there  is  usually  a  thin  cover  of  wiry  grasses. 


DISlRIBUnON. — Scattered  throughout  the  type  usually 
poorest  sites. 

LOCALITY  FACTORS. — Climate  that  of  the  type.  Soil 
alkaline. 


on  the  shallowest  and 
shallow  and  rock)-,  or 


ILLUSTRATION.— Plate  57. 
FLORISTICS.— 

(i)  Krishnagiri,  Madras. — 

I.  Euphorbia  tirucalli* ,  Capparis*,  sp 
II.  Dodonaea  eiscosa.  Cassia  auriculata. 

(ii)  Dry  Plains  Region,  Madras.— 


I.  Euphorbia  aniiquornm* ,  E.  tirucalli*. 

"■  nl'ZZt’"'  Barhi. 

IVb.  AmUda  A.  d,pu,sa.Cymbopogon  cdontus  (o). 


buxifolia,  Opun- 
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General  Note. — This  type  is  very  widespread  and  represents  both  extreme 
edaphic  conditions  (badly  eroded,  very  rocky,  with  soil  in  crevices  only  if  the  slopes  are 
steep)  as  well  as  the  ultimate  stage  in  degradation.  The  scattered  small  consociations  of 
Euphorbia  sometimes  found  in  dry  deciduous  forests  should  perhaps  not  be  included  here. 


Sub-group  6B.  Northern  Tropical  Thorn  Forests 

I.  NOMENCLATURE 

Punjab  .......  Rakh  forests. 

Plains  forests  and  scrub. 


Uttar  Pradesh . Ravine  scrub. 

Usar  plains  vegetation. 

Dry  thorn  forests  (KANJILAL  for  Bundelkhand). 


2.  GENERAL  DESCRIPTION 

Generally  similar  to  the  southern  form  but  exhibiting  all  stages  of  diminution  of 
vegetation  to  true  climatic  desert.  Acacias  and  their  allies  remain  characteristic  but  are 
perhaps  less  predominant  whilst  fleshy  Euphorbias  are  only  met  with  in  extensive  conso¬ 
ciations  in  Rajasthan  and  Gujarat.  There  is  much  less  admixture  of  trees  of  the  dry- 
deciduous  forest,  probably  owing  to  the  wide  extent  of  the  tract  of  low  rainfall.  The 
dominants  vary  from  4*5  to  10  m.  in  height  and  tend  to  be  collected  in  clumps  leaving 
bare  ground  between.  Regeneration  by  rootsuckers  common  (notably  in  Prosopis  and 
Capparisf  C'limbers  are  relatively  numerous  and  also  usually  exhibit  xeiophytic  adap¬ 
tations.  The  ^voody  growth  is  of  all  sizes  from  the  trees  down  to  dwarf  shrubs,  with  no 
differe  Uiation  into  storeys.  The  perennial  grasses  also  grow  in  clumps  and  tussocks 
(notably  Lasiurus  hirsulus) .  There  is  a  thin  growth  of  annual  grass  after  rams. 


3.  DISTRIBUTION 

'Fhe  type  spreads  over  thesemi-arid  regions  of  U.  P.,  M.  P.  and  the  major  portion  of 
semi-arid  and  arid  regions  of  Punjab,  Rajputana  and  northern  Gujarat  including 

Saurashtra  and  Kutch. 

4.  LOCALITY  FACTORS 

Temperalure.-D2.t2.  for  ten  representative  stations  are  given  in  the  following  table. 

The  mean  annual  temperature  is  only  a  degree  or  two  lower  than  for  tlie  southern 
-Ation  t^■Dically  25°  C.  The  hottest  month  is  June  as  the  S.  VV.  monsoon  is  feeb  e 
''“r.hranlal  mLn  max.  is  practically  always  above  3.”  C,  deBnltely  higher  than  m 
*  M.  exceot  'iii  the  coastal  regions  of  Gujarat.  The  winter  temperatures  are  markedly 
:  ^r  Ae  anrl^al  m^  m  being  .5”C.  or  less,  in  fact  the  lowest  temperance 

ry  fall  to  below  freezing  point.  The  highest  temperature  generally  exceeds  45  C- 

These  figures  demonstrate  that  on  several  grounds,  ''  '''' 

perature,  the  type  could  be  included  in  the  feet  provides  the 

definitely  tr.>plcal  that  separation  ts  uncalled  for.  The  vegetation 

true  picture  of  the  climatic  regime. 


Northern  Thorn  Forests 
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Sub-group  6B 

Rainfall  and  humidity. — Rainfall  is  from  760  mm.  down  to  under  250  mm.  and  is 
mostly  derived  from  the  S.  W.  monsoon  in  July  to  August  though  in  the  noith  an  appre¬ 
ciable  proportion  falls  in  the  winter  months.  Data  are  given  for  the  same  stations  as 
selected  to  illustrate  temperature  conditions,  with  the  addition  of  Etawah  in  S.  Uttar 
Pradesh. 

Many  stations  like  Delhi,  Agra,  Etawah,  Jaipur,  Ajmer  and  Rajkot  are  favourab’y 
situated  enough  to  have  local  patches  of  dry  deciduous  forest  such  as  Anogeissus  pendula 
forests. 

The  mean  humidity  of  the  year  is  typically  about  46  rather  less  than  the  southern 
type  in  accordance  with  the  more  pronouncedly  continental  position. 

The  big  variation  from  year  to  year  is  undoubtedly  important,  thus  a  mean  rainfall 
of  200  mm.  may  include  a  range  of  50-600  mm.  in  a  decade  (WAHEED  KHAN). 

Soil  and  topography. — Mostly  on  flat  alluvial  or  aeolian  soils,  but  extending  over  low 
hilly  country  (Aravalli  Hills  and  Saurashtra)  and  characteristic  of  eroded  ravine  lands 
as  in  Etawah.  Local  variations  of  soil,  above  all  those  due  to  the  concentration  of  salts 
which  is  a  consequence  of  the  climatic  conditions,  are  most  marked  in  their  effect  on  the 
vegetation.  Patches  of  highly  saline  soil  {kallar,  u^ar),  the  salts  being  usually  chloride, 
sulphate,  carbonate  of  sodium,  are  usually  bare  of  vegetation.  Concretionary  limestone 
(kankar)  also  occurs  in  places.  The  saline  soils  are  usually  impervious  and  such  rain  as 
falls  largely  evaporates  before  it  soaks  in.  Blown  sand  is  met  with  in  man)'  places  and 
supports  a  rather  different  vegetation. 


5.  GENERAL  FLORISTICS 

'I'horny  Mimosae  occur  throughout  with  a  number  of  species  of  which  Prosopis  spicigera 
is  perhaps  most  general.  The  genus  ylcflaa  is  also  very  widespread.  CoMam  is  usuallv 
present  and  Cappans  decidua  is  often  one  of  the  most  conspicuous  trees.  Asekpiads  are 
well  represented  among  the  shrubs,  Calotropis  being  particularly  frequently  seen.  The 
fleshy  Suaeda  and  Salsola  {Chenopodiaceae)  are  common  on  saline  soils,  and  Calligonum  poly- 
IT^d  ""  sandy  soils.  The  most  characteristic  grasses  are  Lasiurus  LL 

spp.  throughoufdfrtract.''"  “  rnarginatus  on  saline  soils,  and  Cenchrus 


6.  SUBDIVISIONS 

introduced  in  the  last  decades  of  the  XIX  Prosopis  juliflor a, 

the  agency  of  the  Kathiawar  wild  ac  (l^  n  uryis  spreading  naturally  mainly  through 

Plantltions  of  this  ^peZ  vv^ere  "  t  "  characteristic  faciL 

process,  through  added  seed  dispersal  ^"Ic^  would  grow,  are  hastening  the  natural 

and  succulent  may  be  due  to  ri'  including  thorny  bushes 

upon  as  degradation  st^ges.^^ 
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DESERT  THORN  FOREST 

A  view  of  scattered  Prosopis  spicigera  thorn  forest  in  the  background  with  desert  dune  vegetation 
7FR1&C/64J  {Calligonum,  Crotalaria  etc.)  in  the  foreground.  Joharbir,  Bikaner  Division,  Rajasthan.  S.K.  Seth 
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The  following  types  are  recognised: 
Cl — Desert  thorn  forest. 

C2 — Ravine  thorn  forest. 

C3 — Rann  thorn  forest. 

DSi — fizyphus  scrub. 

DS2 — Tropical  Euphorbia  scrub. 


Ci.  Desert  thorn  forest 

DESCRIPTION.— That  of  the  sub-group  (cf.  p.  234)  but  towards  the  poorer  end, 
with  very  open  crops  of  scattered  trees.  Locally,  consociations  of  certain  species  are 
prominent,  notably  Acacia  Senegal  and  Prosopis  spicigera. 


DISTRIBUTION. — In  Punjab,  Rajasthan  and  Gujarat. 

LOG.\LITY  FAGTOR.S. — The  country  is  flat  to  undtdating,  with  low  hillocks  or 
hills.  The  soils  are  partly  in  situ  but  usually  fluvial  or  aeolian  deposits  in  various  stages 
of  consolidation.  On  riverain  strips  and  shifting  sand  different  types  arc  developed. 


ILLUSTRATIONS.— Plates  58  and  59. 
FLORISTICS.— 

(i)  General — 


blatter  and  HALLBERG  ha\e  described  the  desert  flora  in  considerable 
detail,  illustrating  it  with  30  plates  of  photographs  (cf.  PI.  XXVIII  and 
XXX). 


(ii)  Joharbir,  Bikaner,  Rajasthan. — 

I,  II.  &  III.  Prosopis  spicigera* ,  Salvadora  oleoides*,  Calolropis  gigantea,  ^izyphus 
nummularia,  Tephrosia  purpurea  {Calligonum  polygonoides,  Leptadenia 
pyrotechnica,  Crotalaria  burhia,  Aerva  javanied) . 

IVb.  Genchrus  barbatus,  Lasiurus  hirsutus,  Cymbopogon  jwarancusa,  Eleusine 
compressa,  Aristida  spp.,  Dactyloctenium  scindicum. 

Note.— This  forest  is  situated  at  the  exfreme  end  of  the  range  on  unstable  sand.  The 

crop  is  extremely  open  with  a  few  scattered  plants  here  and  there.  The  species  given 

wi  hm  brackets  are  typical  of  dune  vegetation.  Affiuites  with  6/lSl  (Desert  dune 
scrub)  may  be  noted.  ^  uuuc 

(ni)  Basst,  Jaipur  Division,  Rajasthan  (old  consolidated  dune  sand) _ 

spicigera*,  Holoptelea  integrifolia,  Aza- 
dira  hta  indica,  Flacourtia  indica.  Balanites  aegyptiaca,  Tecomella  undulata  io)  Gym- 

Zpulia  wonoj/irrma  (o),  Hesperethusa  crenulata  (o) ,  Euphorbia 
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IVa.  Sericostoma  pauciflorum,  Crotalaria  burhia. 

IVb.  Aristida  spp.,  Eragrostis  spp.,  Erianthus  munja,  Heleropogon  coniorlus. 

(iv)  Kutch,  Saiirashlra,  Gujarat. — 

I.  Acacia  Senegal*,  A.  leucophloea* ,  Cordia  rolhii,  Azadirachla  indica. 

II.  &  III.  Euphorbia  neriifolia,  E.  nivulia.  Balanites  aegyptiaca,  Salvadora,  Commiphora 
mukul,  Capparis  spp.,  Grewia  tenax,  G.  villosa,  Premna  integrifolia. 

IVa.  Barleria  prionilis,  Peristrophe  bicalyculata,  Justicia  heterocarpa,  J.  diffusa. 

IVb.  Aristida  depressa,  Apluda  mutica. 

V.  Tragia. 

(v)  Sasan,  Saurashtra,  Gujarat. — 

Acacia  planifrons*  (almost  pure);  A.  arabica*,  A.  catechu*,  Balanites  aegyptiaca, 
^izyphus  spp.  (all  occasional). 

C2.  Ravine  thorn  forest 

DESCRIPTION. — This  type  is  very  like  its  counterpart,  the  southern  Acacia  thorn 
forest,  consisting  of  a  mixture  of  small  thorny  trees  in  which  Acacia  is  conspicuous,  stand¬ 
ing  fairly  close  together  where  not  subjected  to  maltreatment,  with  a  more  or  less  complete 
grass  cover  beuveen. 

DISTRIBUTION. — Northern  India  wherever  rainfall  is  between  500  and  1,000 
mm.  The  ravine  country  of  the  Chambal  drainage  is  representative  although  the  type 
is  met  with  on  other  geomorphic  classes  also. 

LOCALITY  FACTORS. — The  type  occurs  in  the  less  arid  portions  of  the  regional 
distribution  of  the  tltorn  forest,  typically  with  about  600  to  750  mm.  annual  rainfall  on 
intensively  drained  ground  and  dry  porous  soils  generally;  it  gives  way  to  the  semi- 
desert  type  where  the  rainfall  decreases.  I'he  data  given  for  Etawah  are  representative 
of  the  ravine  tract. 

The  ground  is  usually  broken  either  as  the  result  of  gully  erosion  of  unconsolidated 
and  intercalated  alluvial’  soils  or  a  low  hilly  configuration.  The  soil  is  often  very 
shallow  in  the  former  type  through  the  formation  of  hard  limestone  pan  not  far  below 
the  surface;  elsewhere  stiff  yellow  clay  may  create  similar  conditions. 

ILLUSTRATION.— Plate  60. 

FLORISTICS.— 

(i)  Bawain  and  Udi  Blocks,  Etawah  (Experimental  Plots  9,  n).— 

I  Acacia  leucophloea* ,  Prosopis  spkigera*,  Azadirachta  indica  (o) ,  Holoptelea  integrifolia 
(vo).  Acacia  arabica  (o),  Salvadora  oleoides.  Balanites  aegyptiaca,  Flacouriia  indica. 

II.  Capparis  decidua*,  C.  sepiaria,  C.  zeylanica,  Carissa  opaca,  Z^zyphus  spp.,  Bich- 
rostachys  cinerea*,  Calotropis  procera,  Adhatoda  vasica. 
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IVa.  Tephrosia  purpurea.  Cassia  tora,  Echinops  echinatus,  Xanthium  strumarium,  Arge- 
mone  mexicana,  Solarium  xanthocarpurn,  Grewia  sp. 

IVij.  Desmostachya  bipinnata  (1),  Heteropogon  contorlus,  Apluda  mutica  (la),  Cenchrus 
ciliaris,  Bothriochloa pertusa,  Aristida  spp.  (a),  Dichanlhium  annulaium,  Eremo- 
pogon  foveolatus  (o),  Eragrostis  tenella,  Chloris  virgata. 

V.  Vallaris  solanacea,  Cocculus  hirsutus. 

Note. — The  forest  along  the  Chambal  ravines  in  Madhya  Pradesh  are  continuous 
with  the  above  and  very  similar. 

General  Note. — It  has  been  stated  that  much  of  this  heavily  eroded  ravine 
land  once  carried  good  sal  forest  (BENSKIN)  and  that  it  provides  a  fine  example  of  re¬ 
trogression  consequent  on  denudation  and  erosion.  Of  the  progress  of  the  erosion  there 
is  no  question  but  it  may  be  doubted  whether  the  climax  was  ever  better  than  dry 
deciduous  forest. 

(ii)  N.  jy.  Madhya  Pradesh  (General  floristics). — 


I.  Acacia  leucophloea* ,  Tecomella  undulata,  Prosopis  spicigera,  Tamarix  aphylla. 

II. &  III.  Vitex  neguiido  (o),  Ehretia  laevis  (o),  Securinega  virosa  (o),  Clerodendrum 
phlomoides  (o),  Commiphora  mukul  (o),  Carma  sp.  (f),  Adhatoda  vasica  (f),  Capparis 
decidua  (f),  Capparis  sepiaria  (r),  Zizyphus  nummularia  (f),  Alhagi  camclorum  (f), 
Calotropis procera  (f),  Grewia  sp.  (o),  Euphorbia  sp.  (o),  Salvadora  oleoides. 

IVa.  Cassia  tora  Achyranthes  aspera  [a),  Xanthium  strumarium. 

IVb.  Themeda  quadrivalvis  (f),  Heteropogon  contortus  (a) ,  Aristida  spp.  (a) . 

V.  Tinospora  cordifolia  (o),  Capparis  zeylanica. 

(iii)  Mahendragarh,  Hissar,  Punjab. — 

I.  &  II.  Acacia  Senegal*,  A.  leucophloea* ,  Prosopis  spicigera*,  Saloadora  oleoieles*. 

III.  Capparis  decidua,  Zivphns  mauraliaaa,  Z-  nummularia.  Calotropis  procera 
lephrosia  purpurea.  ^  ’ 

IVb.  Aristida  depressa,  Dichanthium  annulatum,  Heteropogon  contortus. 

(iv)  Gurla  Forest,  Chittorgarh  Division,  Rajasthan. _ 


Dichanthium  annulatum,  Aristida  sj 
^nJiata,  Cynodon  daclylon,  Bothriochh 


,  Heteropogon  contortus,  Cymbopogon  martinii 
spp.,  Cenchrus  barbatus,  Eragrostis  spp.,  Chloris 

'^loa  pertusa,  Sporobolus  marginatus. 


callum.  Cassia  tora,  Indigofera  cordifolia,  Sida 
ies,  Sweda  sp.,  Salsola  sp. 


Balanites  aegyptiaca  (o), 
’s  (^^nerea  (c),  Butea  mono- 


'rus  (o),  Capparis 
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V.  climbeis  (o). 

Note. — Wherever  the  soil  is  reddish  and  gravelly  the  awned  grasses  such  as  Aristida, 
Heteropogon^  and  Chrysopogov  take  an  upper  hand.  Salvadora  and  Rhus  mysorensis  predo¬ 
minate  on  waste  lands  (the  latter  on  foothills)  and  Sweda,  Salsola,  Glinus,  Sporobolus  on 
saline  soils.  Nearby  the  habitat  is  favourable  enough  for  dry  deciduous  forest  {Boswellia 
and  Ap.ogcissus  peudula  types). 


DSi.  Z«yphus  scrub 

Common  throughout  the  thorn  belt,  intermingled  with  the  Euphorbia  type  which  is 
slightly  more  conspicuous  in  rocky  areas,  and  owing  its  origin  to  intense  biotic  pressure. 

ILLUSTR.XTION  — Plate  6i. 

FLORISTICS.— 

(i)  Western  Rajasthan. — 

I.  &  II.  Acacia  leucophloea*  (c),  Dichrostachys  cinerea*,  Z^zyphus  nummularia*  {c), 
Acacia  Senegal  (o) ,  Anogeissus pendula  (o) ,  Prosopis  spicigera  (o) . 

III.  Capparis  decidua,  Securinega,  Cassia  tora. 

IVb.  Thin  Aristida,  Agrostis,  Heteropogon. 
noT^.—Zizyphus  may  have  colonised  old  cultivation  or  old  cutting.  The  Acacia 
is  lopped  and  browsed  and  the  area  heavily  grazed. 

(ii)  Jodhpur,  Rajasthan. — 

I.  Prosopis  spicigera*  (o). 

II.  Z^zyphus  nummularia.* 

IVb.  Grass. 

NoTE.-This  form  must  also  have  originated  similarly  to  (i)  above. 


DS2.  Tropical  Euphorbia  scrub 

M„„  „r  ,e.  common  .Kroughc.  .he  .horn 

hn.  mIpWc  factor  are  also  possibly  involved. 

It  occupies  stony  sites  in  general. 

ILLUSTRATION.— Plate  62. 

FLORISTICS.— 

fi)  “Jodhpur  {Kailana,  Mandor),  Rajasthan. 

'  M',; —  " 

thoidss,  .4erva  javanica,  Tephrosia  sp, .,  j 


ZIZYPHUS  SCRUB  (THORN  FOREST) 

Zizyphus  mauratiana  and  some  Dichrostaychs  cinerea  all  reduced  to  bushes  by  excessive  browsing. 

7FRI&C/64]  Kota  Division,  Rajasthan.  G.S.  Mathauda 
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TROPICAL  EUPHORBIA  SCRUB 

7  fr.islC;64]  Extensive  Euphorbia  scrub  near  Dwarka,  Saurashtra,  Gujarat.  S.  K.  Seth 
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IVb.  Aristida  spp.,  Eleusine  spp.,  Daclyloclenium  scindicurn,  Dichanthium  annulatum. 
V.  Sarcosteimna  acidutn,  Gonvolvulaceae . 

(ii)  Jaipur  (hills),  Rajasthan.— 

I.  Euphorbia  neriifolia*. 

II.  Rhus  mysorensis  (Adhatoda  vasica,  Capparis  divaricata) . 

IVa.  Lindenbergia  indica,  Actiniopteris  dichotoma. 

IVb.  Lasiurus  scindicus. 

V.  Cocculus  hirsutus. 

(iii)  Western  Rajasthan. — 

I.  Euphorbia  neriifolia*. 

II.  &  III.  Solanum  albicaule,  Capparis  decidua,  Rhyncoda  minima,  Grewia  tenax,  Vernonia 
cinerascens,  Salvadora  oleoides.  Mimosa  hamata. 

(iv)  Deogarh,  Udaipur  (Rajasthan). — 

I.  &  II.  Rhus  mysorensis.  Euphorbia  nivulia*. 

III.  Z^zyphus  nummularia.  Euphorbia  hirta,  Indigofera  cordifolia.  Cassia  auriculata, 
Pupalia  spp.,  Andrographis  spp.,  Aerva  spp. 

IVb.  Aristida,  Andropogon,  Melanocenchris ,  Cenchrus  spp.,  Eragrostis  spp. 

V.  Absent. 

(v)  Kutch,  Gujarat. — 

I.  &  II.  Stunted  Acacia  Senegal  (o),  Acacia  leucophloea,  Gymnosporia  spinesa,  Sarcos- 
temma  acidum.  Euphorbia  neriifolia* ,  E.  nivulia*,  Premna  spp. 

III.  Grewia  spp.,  Barleria. 

IVb.  Apluda  mutica. 

V.  Vitis,  Rivea,  Tinospnra,  Tragia. 

(vi)  Dwarka,  Saurashtra,  Gujarat. — 

I.  Euphorbia  antiquorum*,  E.  neriifolia*. 

II.  Capparis  decidua. 

III.  Faqonia  cretica,  Arthrocnemum  indicum. 

I  Vb.  Cynodon  dactylon,  Sporobolus  marginatus,  Eragrostis  ciliaris. 

EDAPHIC  and  degradation  TYPES  OF  THORN  FOREStS 
Ei,  I  Euphorbia  scrub) 

This  i,  ,le,cril, cl  uiuler  types  liA/DSj  {p.  233)  and  6B/DS2  (p.  242). 
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Ez.  Acacia  senega!  forest 

DESCRIPTION. — Typically  an  open  overwood  of  pure  Acacia  Senegal  with  few 
associates  and  little  undergrowth. 

DISTRIBU  riON. — Western  Rajasthan,  Saurashtra,  Kutch. 

LOCALITY  FACTORS. — As  for  the  type.  The  species  occurs  on  more  xero- 
phytic  sites,  e.g.  blown  or  unconsolidated  (but  stationary)  sand  deposites,  on  quartzites 
(Jaipur)  or  limestones  (Jaisalmer). 

ILLUSTRATION.— Plate  63. 

FLORISTICS.— 

Galta,  Jaipur  Division,  Rajasthan  (on  level  blown  sand) — 

I.  Acacia  Senegal*,  {Prosopis  spicigera  (o) ,  Acacia  leucophloea) . 

II.  Gymnosporia  spinosa  (o),  Acacia  jacquemontii. 

III.  Sericostema  paueijiora,  Indigofera  argentea,  ^izyphus  nummtilaria. 

I  Vb.  Arislida  spp.,  Sporobolus,  Eragrostis. 

E3.  Rann  saline  thorn  scrub 

All  along  the  extensive  marine  saline  flats  (known  as  the  Rann  and  occupying  an 
area  of  44,000  sq.  km.  in  Gujarat)  periodically  inundated  by  the  sea  for  longer  or  shorter 
periods  the  natural  vegetation  is  very  sparse.  Rather  further  inland  it  consists  mainly 
of  occasional  Salvadora  oleoides  and  Tamarix  ericoides  with  a  few  Calotropis  procera  and  some 
Indigofera  in  the  more  saline  areas  further  north  in  Kutch  extensive  banni  grasslands, 
bordered  by  degraded  Acacia  forests,  occur  on  the  saline  soil. 

In  this  tract  Prosopis  julifora  was  introduced  in  the  eighties  of  the  last  centuiy  and  has 
not  only  secured  a  foothold  but  is  rapidly  spreading  and  is  now  by  far  the  most  important 
economic  species  of  these  regions,  and  it  is  being  increased  through  aflbrestation.  Since 
Prosobis  hli flora,  although  an  exotic,  imparts  a  characteristic  physiognomy  to  these  forests 
it  is  considered  desirable  to  erect  a  separate  subtype  for  these  saline  thorn  forests. 

ILLUSTRATIONS.— Plates  64  and  65. 

Note.— The  large  trees  in  the  background  have  come  in  naturally.  Mesquite 
plantation  being  raised  in  the  foreground. 

E4.  Salvadora  scrub 

This  association  is  characteristic  of  semi-arid  or  arid  saline/alkaline  soils  and  is  met 
with  from  western  Uttar  Pradesh  westwards. 

ILLUSTRATION.— Plate  66. 

FLORISTICS.— 

(i)  Jaipur,  Rajasthan.— 

Salvadora  oleoides*,  S.persica*{o),  Tamarix  aphylla*. 


ACACIA  SENEGAL  FOREST 
Pure  crop  on  level  ground,  sandy  loam  soil. 

7FRI&C/64]  Jaipur,  Rajasthan.  G.  S.  Mathauda 
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(ii)  Kutch,  Saurashtra,  Gujarat. — 

I.  &  II.  Salvadora  oleoides*,  S.  persica*,  Tamarix  ericoides*. 

III.  Galolropis  procera,  Indigofera  spp. 

IV.  Suedafruticosa,  Halopyrum  mucronatum,  Crypsis  schoenoides  (near  Rann). 

DSi.  Cassia  auriculata  scrub 

Cassia  auriculata  is  frequently  associate!  with  Salvadora  oleoides  in  dry  areas  in  arid 
or  moderately  saline  soils.  This  is  evidently  the  effect  of  selective  removal  or  natural 
elimination  of  other  associated  species  of  the  dry  deciduous  (p,  207)  or  thorn  forests 
(p.  239)  such  that  only  Salvadora  which  is  of  little  use,  and  Cassia  which  coppices  Very 
well,  are  left  as  residual  vegetation.  O  ten  the  Salvadora  is  absent  and  almost  pure 
Cassia  auriculata  scrub  with  a  thin  sprinkling  of  grass  is  left.  The  areas  are  subject  to 
heavy  browsing,  grazing  and  frequent  fires. 

ILLUSTRATION.— Plate  66. 


iSi.  Desert  dune  scrub 

DESCRIPTION. — A  very  open  and  irregular  formation  of  stunted  trees  and  bushes 
covering  only  a  small  proportion  of  the  soil.  The  trees  are  thorny  and  all  vegetation  is 
markedly  xerophytic. 

DISTRIBUTION. — Southern  Punjab  and  Rajasthan. 

LOCALITY  FACTORS.— The  climate  is  that  of  the  drier  parts  occupied  by  the 
northern  mixed  thorn  forest  and  the  type  is  determined  by  the  soil  which  is  dry  and  sandy 
and  usually  unstable.  The  sand  is  mounded  up  by  wind  into  typical  dune  forms  on  the 
plains  of  the  Indus  valley  and  areas  west  of  Aravallis. 


ILLUSTRATION. — cf.  Plate  58. 

FLORISTICS.— 

(1)  Jhumpa,  S.  Punjab  (on  partially  stabilised  dunes)— 

I.  Pr.,opn  spUisera*,  Acach  aratka.  Tamari,  aphylla,  Salvador,  oleaid 

II  /  III.  Calotropu  gigant, a,  C.  proura,  Zivphus  nummularia,  Z-  mauratiana  Call 
goaum  poygono,der\  BaUniles  aegypiiaca,  Capparil  drvidZ  ll  f 
pyrouchnica*,  Arrva  javanica* ,  cZaria  bvrhia*  ^ 

IVb.  Cenchrus  biflorus,  Erianthis  munja. 

(ii)  Jaunjhunu,  Rajasthan  (on  shifting  dunes) - 

.8-1  L  'u 
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IVb.  Desmostachya  bipinnata,  Erianthus  munja,  Aristida  spp,,  Eragrostis  spp.,  Cynodon 
dactylon. 

k 

Note. — Sand  mixed  with  gravel  (common in  western  Rajasthan),  probably  produced 
by  the  sorting  action  of  the  wind,  supports  a  distinct  type  of  vegetation.  The  tree  species 
are  Prosopis  spicigera,  Salvadora  oleoides,  Gymnosporia  spinosa,  Capparis  decidua  and  conspi¬ 
cuous  ttreches  of  i^izyphus  nummularia  (Jaisalmer)  oi  Acacia  Senegal  and  Euphorbia  royleana 
(Jodhpur).  Leptadenia  pyrotechnica,  Cleome  papillosa,  Boerhaavia  diffusa  are  common  towards 
Jaisalmer.  In  gravel  commuaities,  Indigofera  spp  ,  Fagonia  cretica,  Breweria  latifolia, 
Sericostomi  paucijlora,  Tribulus  spp.  are  also  common. 


ECOLOGICAL  NOTES. — Many  accounts  of  the  course  of  succession  on  sand  dunes 
have  been  published  (see  especially  BLATTER  and  HALLBERG,  1918).  The  inforrna- 
tion  is  briefly  summarised  heie. 

Pioneers. — On  dunes:  Calotropis  procera,  Leptadenia  pyrotechnica^  Crotalaria  burhia,  Indi¬ 
gofera  argentea*,  Aerva  pseudotomentosa,  Citrullus  colocynthis,  Farsetia  jacquemon- 
tiana,  Lasiurus  hirsulus,  Panicum  turgidum,  Eleusine  spp. 


On  spread  out  sand:  (in  order  of  appearance) 

(i)  Aerva  tomentosa,  Aerva  pseudotomentosa. 

(ii)  Leptadenia  pyrotechnica  {Capparis  decidua  absent  in  westernmost  region) , 
Panicum  turgidum. 

(iii)  Crotalaria  burhia. 

(iv)  Crotalaria-Leptadenia-Aerva  pseudotomentosa-Panicum  association. 

(v)  Crotalaria  (with  Convolvulaceae,  Polygala  spp.,  Breweria  latifolia)  Jaisalmer. 
Vegetation  of  stabilised  dunes  : 

(i)  Foot  and  lower  slopes  :  Aerva-Crotalaria,  then  Aerva. 

(ii)  Upper  slopes  :  Panicum  turgidum,  Cenchrus  ciliaris,  Indigofera  argentea  {o), 
Rhyncosia  arenaria  (r),  Cyperaceae  fesp  Cyperus  arenarius). 

(iii)  Top  :  Calligonum  polygonoides. 

Common  grasses  :  Eragrostis  tremula,  E.  ciliaris,  Cenchrus  biflorus,  C.pneurn, 
C.  ciliaris. 


DABADGHAO  (i960)  has  classified  the  grassland  type  as  Dichanthium-Cenchrus- 
LasilT^siurus  hirLL  sometimes  forms  extensive  and  pure  communities;  P.mriim 
antidotale  also  sometimes  occurs  in  conspicuous  associations. 

GROUP?.  TROPICAL  DRY  EVERGREEN  FORESTS 
Ci.  Tropical  dry  evergreen  forest 

MnvfPTsinT.  attire 


Andhra  Pradesh-^Hry  evergreen  forest  (TROUP,  etc.). 
Carnatic  evergreen. 


Type  7/Cl 
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GENERAL  DESCRIPTION 

A  low  forest,  9  to  12  m.  high,  but  forming  a  complete  c  anopy  consisting  mostly  of 
small  coriaceous  leaved  evergreen  trees  with  short  boles  and  spreading  crowns.  The 
proportion  of  deciduous  species  may  be  large  locally.  There  is  no  marked  differentia¬ 
tion  of  canopy  layers  between  the  shrubby  underwood  which  includes  many  spiny  species 
and  the  top  canopy.  A  few  species  form  the  bulk  of  the  crop  which  is,  however,  decided¬ 
ly  a  mixed  type,  pure  consociations  being  exceptional.  Climbers  are  numerous.  Bamboos 
are  rare  or  absent.  Grass  is  present  but  not  conspicuous.  Most  of  the  forests  have  been 
much  influenced  by  felling,  lopping  and  browsing  and  have  become  irregular  with  open 
patches,  and  the  thorny  and  unpalatable  species  have  large!)  displaced  the  climax  vege¬ 
tation. 


DISTRIBUTION 

This  type  is  restricted  to  the  Karnatak  coast  where  unusual  climatic  conditions  pre¬ 
vail.  It  is  found  on  the  east  coast  from  Tirunelveli  northwards  to  Nellore.  Similar  forest 
referred  to  as  “Dry  zone  forest”  occurs  over  large  areas  in  Ceylon  and  there  is  better 
developed  than  in  India  though  much  of  it  is  known  to  be  of  secondary  origin  after  clear¬ 
ing  at  very  varying  periods. 


LOCALITY  FACTORS 

Temperature.  The  following  table  gives  the  seasonal  data  for  stations  in  the  tract 
in  which  the  type  occurs.  Of  these  Masulipatam  and  Madias  are  right  on  the  coast  and 
so  enjo)^  a  more  equable  and  damper  climate  than  usual,  whilst  Tiruchirapalli  and  Madura 
arc  far  inland  at  the  opposite  extreme,  but  it  will  be  noted  that  the  differences  are  small. 


Mean  annual  temperature  is  27°  to  28°C,  the  hottest  month  being  May  or  Tune 
wnh  a  mean  temperature  of  3o°-3i°  C.  The  coldest  months  are  December  and  Tanuarv 
with  a  mean  temperature  of  23^-24 -5°  G.  The  mean  mixima  and  minima  of  the 
year  are  about  42°  C  and  15°  C. 


Th  Humidity.  For  the  same  stations  the  data  arc  given  in  the  attached  table 

“  hrci'.!,- 

u  -A-.  <•  .U  3  months  at  Madura  Manuarv-Mar^b^  'tu 

humidity  lor  the  year  is  82  at  all  these  stations  except  Malipata^  i^efe  it  is  aAoTa^ 

flats  between.  “Thf  sod  is  typkali^UterTt^^b"^ 

tent  on  dune  sands.  ^  developed  to  some  ex 


Temperature  {centigrade) 
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Rainfall  {millimstres) 
Southern  Dry  Evergreen  Forests 


Month 

Andhra 

Pradesh 

MASULI- 

PATAM 

3  rn. 

4 

Madras 

MAD¬ 

RAS 

20  m. 

Madras 

VEL¬ 

LORE 

214  m. 

Madras 

TIRUCH- 

IRAPALLI 

78  m. 

Madras 

MADU¬ 

RA 

133 

— •  '  —  - 

January 

5 

36 

37 

25 

20 

February 

J4 

lO 

6 

12 

14 

March 

1  1 

7 

7 

9 

18 

April  ....... 

18 

16 

25 

46 

55 

May  ....... 

34 

126 

58 

84 

70 

June . 

107 

47 

70 

4> 

40 

July . 

162 

9t 

I  16 

34 

50 

August . 

J59 

116 

146 

97 

104 

September  ...... 

162 

119 

J75 

120 

119 

October  ....... 

218 

306 

173 

183 

189 

November  ...... 

147 

355 

195 

148 

146 

December  ...... 

17 

138 

67 

71 

51 

Total  for  year  (M.A.R.)  .... 

1,052 

1,268 

«,074 

872 

873 

Number  of  rainy  days  .... 

55 

57 

57 

47 

51 

Number  of  months  with  less  than  50  mm. 

6 

t 

6 

4 

6 

5 

M.  A.  Humidity  ..... 

1  74 

57 

64 

60 

60 

No.  of  years  ...... 

60 

60 

t 

40 

60 

60 

FLORISTICS. — The  most  conspicuous  genus  is  Manilkara  {Sapotaceae) ;  Memecylon 
(Melastomaceae)  is  also  typical  and  common.  Diospyros  and  Eugenia  and  sometimes 
Qhloroxylon  and  Albizzia  amara  arc  present. 


(i)  General. — 

I/II.  Manilkara  hexandra*,  Mim  isops  elengi*,  Diospyros  ebenum^  Strychnos  nux-vomica 
Eugenia  spp.,  Drypetes  sepiaria  (r). 

III.  Memecylon  edule*. 

Nofe.— The  type  has  been  little  studied. 
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(ii)  Pfagavera,  S.  Cuddapah  Division,  Andhra  Pradesh. — 

I.  Manilkara  hexandra*  (la),  Canthium  dicoccum  (f),  Z^zyphus  glaberrima  {{),  Acacia 
leucophloea  (f),  Randia  dumetorum  (If),  Buchanania  angustifolia  (o),  Strvchnos  nux- 
vomica  (o),  S.  potatorum  (o),  Sapindus  emarginatus  (o),  Diospyros  chloroxylon  (o), 
etc. 


II.  Garissa  carandas  (a),  Flacourtia  indica  (la),  Maba  buxifolia  {f) ,  Grewia  sp.  (a), 
Gvmnosporia  spp.  (f),  Ixora  arborea  (f),  Webera  sp.  (If). 

III.  Strobilanthes  sp.  (a),  Dodonaea  viscosa  (la). 

IVb.  Grass  light. 

V.  Climbers  abundant.  Derris  scandens  (f).  Asparagus  sp.  (f).  Acacia  intsia  (a), 
Pterolobium  indicum,  Z^zyphus  oenoplia  (a),  Combretum  sp.  (f). 

_ This  provide;;  an  example  of  transition  to  dry  deciduous  forest  with  Anogeis- 

sus  latifolia  etc.  The  prevalence  of  thorny  species  is  probably  largely  due  to  human 
agencies. 

(iii)  Sriharikota  Island,  Nellore  Division,  A.P.  {P.P.  i).— 

I  Manilkara  hexandra*,  Syzygium  cumini,  Albizzia  amara*,  A.  lebbek,  Strychnos  nux- 
vomica,  Drypetes  sepiaria.  Ficus  tsilea,  Sapindus  emarginatus,  Tamarindus  indica, 
Azadirachta  indica,  Pterospermum  suberifolium,  Borassus  flabellifer. 

II.  Memccylon  umbdlatum*,  Maba  buxifolia*,  Garcinia  spicata,  Crataeva  religiosa, 
Atalantia  monophylla,  Cordia  dichotoma,  Gmelina  arborea,  Phoenix  sylvestris,  Fla¬ 
courtia  indica. 

III.  Glycosmis  pentaphylla,  Ochna  squarrosa,  Randia  spp. 

IV.  Sarsaparilla,  some  grass. 

V.  Calamus  viminalis. 


DSi.  Tropical  dry  evergreen  scrub 

Much  of  the  climax  forest  has  been  degraded  resulting  in  the  disappearance  of  the 
“he  remnants  are  thorny  shrubs.  There  is  thin  grass. 

FLORISTICS.— 


fi)  Vandalur,  Saidapel  Divn.,  Madras.  „  ..  .  ,  n  ' 

Mmec^ton  edule>,  Zizyphus  gWemVta,  Dich,os,acl,ys  anerea,  Rand, a  d.m.,o,un,.  Can, .a 

spinarum. 

Hi)  Navalur,  Madurantakam,  Madras.- 

M,n.cylan  Me-.  AM,,ia  a.ara.  Bnekanania  lanean.  Mata  tunefeka.  Randea  dun,e- 
torum,  Garissa  spinarum,  Dodonaea  viscosa. 


CHAPTER  VIII 

MONTANE  SUBTROPICAL  FORESTS 

GROUP  8.  SUBTROPICAL  BROADLEAVED  HILL  FORESTS 

As  there  are  considerable  differences  between  the  northern  and  southern  represen¬ 
tatives  of  subtropical  forests,  they  will  be  described  and  discussed  as  two  sub-groups 

viz., 

8A.  Southern  Subtropical  Broadleaved  Hill  Forests. 

8B.  Northern  Subtropical  Wet  Hill  Forests. 

Sub-group  8A.  Southern  Subtropical  Broadleaved  Hill  Forests 

I.  NOMENCLATURE 


Kerala 

Madras 

Mysore 

Bombay 


1 

J 


Rajasthan 
Madhya  Pradesh 
Orissa 


} 


.  Shola  (part) . 
Transition  forest. 


.  .  .  Hill  top  forest. 

2.  GENERAL  DESCRIPTION 


The  forest  presents  two  decidedly  different  aspects  according  as  to  w’hether  it  occuis 
with  a  well-distributed  fairly  high  rainfall  as  on  the  higher  hills  in  the  south  where  the 
adjoining  tropical  forest  is  of  the  wet  evergreen  type,  or  with  a  lower  unequally 
distributed  rainfall  with  a  marked  dry  season,  where  the  adjoining  tropical  forest  is  of  a 
dry  deciduous  type;  the  latter  conditions  prevail  cn  all  the  more  isolated  hills  of  the. 
central  part  of  the  country  and  usually  the  original  vegetation  has  been  so  altered 
by  biotic  influences  that  its  form  and  composition  can  only  be  inferred.  Accounts 
are  given  under  the  three  types  distinguished  below. 


3.  DISTRIBUTION 

Subtropical  types  are  met  with  in  a  zone  between  about  1,000  m.  and  1,700  m.  on 
the  higher  hills  of  South  India,  and  also  above  1,000  m.  on  the  higher  hills  of  Central 
India  including  outliers  such  as  Mt.  Abu  (1,360  ni.)  and  Parasnath  (1,220  m.) though 
mostly  only  in  vestigial  form.  ^ 


4.  LOCALITY  FACTORS 


Temperature.  The  mean  annual  temperature  lies  roughly  between  18°  and  24.° 
and  the  mean  January  temperature  about  5°  lower.  Frost  is  practically  unknowi 
Data  are  given  for  Mercara  at  .,158  m.,Coonoorat  1,746  m.,  Mahabaleshwar  at  i  381 
m.,  and  Mt.  Abu  at  1,200  m. 
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Rainfall  and  Humidily.-Tht  range  of  average  annual  rainfall  is  »  wide  one  whilst 
the  length  of  dry  season  varies  from  virtually  none  to  seven  months.  These  difference 
tend  to  be  offset  by  relatively  high  humidity  and  affect  the  vegetation  less  than  might 
be  expected,  though  closer  study  would  probably  reveal  differences  sufficient  to  render 
subdivision  advisable.  The  different  distributions  at  Gudalur  and  Coonoor  on  the  north¬ 
west  and  south  of  the  Nilgiri  massif  are  noteworthy. 


Rainfall  {millimetres) 


Southern  Subtropical  Broadleaved  Hill  Forests 


Month 

Madras 

COO¬ 

NOOR 

Madras 

GUDA¬ 

LUR 

Mysore 

MER- 

CARA 

Maha¬ 

rashtra 

MAHA- 

BALESH- 

WAR 

M.  P. 

PACH- 

MARHI 

M.  P. 

CHIKA- 

LDA 

R.'jasthan 

MT.  ABU 

1,746  m. 

1,067  m. 

1,143  ra. 

1,382  m. 

1,075  m. 

1,097  in- 

1,202  ra. 

January  . 

63 

9 

4 

4 

16 

•5 

7 

February  .  . 

73 

7 

6 

3 

17 

10 

6 

March  . 

82 

19 

19 

4 

14 

12 

4 

April 

149 

7« 

65 

30 

9 

9 

9 

May 

106 

131 

132 

41 

x6 

21 

24 

June 

7> 

4>3 

648 

1,084 

230 

240 

118 

July 

66 

737 

1,095 

2,675 

666 

511 

559 

August  . 

127 

443 

681 

CO 

606 

440 

578 

September 

90 

203 

281 

730 

360 

305 

238 

October  . 

257 

176 

211 

161 

58 

88 

>9 

November  . 

285 

82 

76 

40 

19 

34 

6 

December 

142 

18 

18 

7 

X  X 

15 

3 

Total  for  year  (M.  A. 

R).  .  .  . 

«.5*2 

2,309 

3,237 

6,635 

2,022 

1,701 

1.564 

No.  of  rainy  days 

85 

114 

132 

120 

79 

77 

54 

No.  of  months  with 
less  than  50  mm. 

0 

4 

4 

7 

7 

7 

8 

Mean  Annual  Hu- 
■  midity 

69 

.  . 

80 

69 

57 

? 

53 

No.  of  years 

10 

64 

60 

60 

60 

61 

60 
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Soil  and  Topography. — These  types  are  restricted  to  hilly  districts  though  rolling 
plateau  country  is  included.  A  variety  of  rocks  is  encountered  including  basaltic  trap 
(Mahabaleshwar).  The  soil  is  intermediate  in  type  between  the  tropical  red  earths 
and  the  temperate  brown  earths.  There  may  be  a  thick  lateritic  cap  over  trap  rock  and  a 
typically  lateritic  soil  (Mahabaleshwar),  indiaUing  a  tropical  rather  than  temperate 
history. 


5.  GENERAL  FLORISTICS 

In  the  south,  the  flora  is  a  mixture  of  that  of  the  wet  tropical  forest,  especially  of 
the  wet  evergreen  type,  with  that  of  the  temperate  forest,  the  former  element  usually 
predominating.  Further  north,  it  is  the  dry  tropical  types  that  extend  even  to  the  tops 
of  the  hills,  some  species  tending  to  dominate  with  a  varying  proportion  of  plants  of 
temperate  type  among  the  subordinate  vegetation.  Eugenia  {Syzygium)  are  charac¬ 
teristic  genera  and  Lauraceae  are  very  generally  present.  Memecylon  and  other  Mela- 
stomaccae  usually  occur.  Several  studies  of  the  phytogeography  of  these  hill  tops  have 
been  made  revealing  affinites  with  both  Western  and  Eastern  Himalayan  floras.  Genera 
of  northern  origin  include  Clematis,  Hypericum,  Lonicera  and  Rubus. 


6.  SUBDIVISIONS 


These  forests  have  all  been  subject  to  much  interference  and  apart  from  their  floris- 
tics  have  been  inadequately  studied  to  permit  of  a  reliable  classification.  The  following 
types  are  provisionally  differentiated  : 

Ci.  Nilgiri  subtropical  hill  forest. 

DSi.  South  Indian  subtropical  hill  savannah  {woodland). 

El.  Reed  brakes  (Ochlandra). 

C2.  Western  subtropical  hill  forest. 

C3.  Central  Indian  subtropical  hill  forest. 


Ci.  Southern  subtropical  hill  forest 

nomenclature.— Transition  belt  of  shola  forests. 

description.— Evergreen  forest  that  has  been  described  as  ‘stunted  rain 
DtSCKtr  ^  luxuriant,  the  trees  being  sntaller  and 

Se’srhare  ;  boles,  and  often  festooned  with  herbaceous  and  crypteganne  eprphytes. 
unLgrowth  of  St,oKlan,h.s.  etc.  is  frequently  present. 

1  S  India  notably  on  the  slopes  of  the  higher  Nilgiri  and  Palnl  H.lls  no  marked 
In  S.  ,  subtropical  and  temperate  vegetational  types  is  discern- 

zonal  differentiation  p  j  fl  -ag  enough  but  they  appear  to  merge  imperccptably 

able,  the  first  and  last  types  are  de  g  ^[ar^acteristics  differing  from  both, 

into  each  other  without  any  f^the  frequ^ 

This  is  comparable  m  some  deciduou^  forests,  and  the  e.xplanation  is  per- 
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would  in  any  case  occupy  relatively  little  space  and  the  tropical  and  temperi.te  forms 
would  always  be  within  a  few  miles  of  each  other.  In  S.  India  the  temperate  forests  are 
of  a  dense  low  evergreen  type  and  the  tropical  wet  evergreen  falls  c  ff  in  height  and  gene¬ 
ral  luxuriance  with  ascending  elevation  till  the  two  are  more  c  r  less  alike.  The  transition 
zone  has  in  any  case  been  considerably  affected  by  human  interfeience,  much  ('f  it  hav¬ 
ing  been  subjected  to  shifting  cultivation,  burning  or  clearing  for  gardens.  On  the 
steeper  slopes  with  shallow  soil  and  rocky  outcrops  poor  deciduous  forest  of  a  savannah 
type  may  replace  the  evergreen. 


DISTRIBUTION. — Between  1,200  and  1,750  m.  on  the  slopes  of  the  Nilgiri,  Ana- 
malai  and  Palni  Hills  of  Madras  and  Kerala,  extending  some  distance  northwards, 
doubtfully  to  Mercara  (Goorg). 


LOCALITY  FACTORS. — Temperature  data  are  given  on  p.  252  for  Coonoor 
and  Mercara  and  the  rainfall  data  for  Coonoor,  Mercara  and  Gudalur  (which  is  at  the 
lower  extreme  for  the  type  on  the  west  side  of  the  Nilgiri  massif).  The  rainfall  may  vary 
from  2,000  to  5,000  mm.  with  a  varying  amount  from  the  North-East  monsoon. 


FLORISTIGS.— 

(i)  Silent  Valley,  Palghat  Division,  Kerala,  over  1,550  m. — 

1.  &  II.  Calophyllum  elatum,  Actinodaphne  hookeri,  Litsea  stocksii,  Cinnarnmum  sul¬ 
phur atum,  Canthium  dicoccum,  Eugenia  spp.*.  Rhododendron  nilagiricum, 
Gaultheria  frangitissima. 

III.  Strobilanthes  spp. 

ECOLOGICAL  NOTE. — This  forest  is  protected  fre  m  fire  by  the  evergreen  forests 
below.  Much  of  it  has  been  cleared  for  tea  and  coffee  plantations.  It  may  be  view'cd 
as  a  possible  climatic  climax  formation  though  ill-defined  and  mainly  transitional. 
Where  the  rainfall  is  low  and  fires  occur,  it  changes  into  the  next  type  described  below 
(8A/G2) . 


(ii) 


11. 

Ila. 


Thenmalat  and  Trivandrum,  Kerala,  cir.  1,200  m.  (transition  to  tropical).— 

wightiana*,  E.  arnottiana* ,  Microtropis  wallichianum,  Kurrimia  indica 
Euphoria  longana,  Turpmia  cochinchinensis,  Meliosma  wightii,  Semecartus  travan 
corica,  Linocera  spp.,  Elaeocarpus  venuslus,  Machilus  macrantha,  yeolitsaea 
zeylanica,  Celtis  sp.,  Heritiera  papilio,  Gordonia  obtusa.  Ficus  arnottiL,  etc. 

Eugenia  monlana,  Canthium  dicoccum,  Memecylons^.,  Heptapleuron  wallichianum 
Uchlandra  sp. 


III.  Strobilanthes  sp. 
V.  Calamus  sp. 


DSi. 


South  ludiuu  subtropical  hill  savanuah  (woodlaud) 

and  -3  high 

cularly  characteristic.  ardy  shrubs,  Phoenix  kumilis  is  parti- 
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DISTRIBUTION. — Between  i,ioo  m.  and  1,700 
and  Palni  Hills  of  Madras  and  Kerala. 


m.  on  the  slopes  of  theNilgiri 


LOCALITY  FACTORS.— Temperature  and  rainfall  as  for  Kotagiriand  Gudalur 
in  the  Nilgiri  Hills  (p.  253).  The  rainfall  varies  from  1,500  mm.  upwards  and  is  well 
distributed.  On  hilly  country,  especially  on  steep  slopes,  but  often  also  on  undulating 
plateau  land.  Mostly  burnt  at  frequent  intervals,  usually  annually. 

FLORISTICS.— 

1.  Dalbergia  latifolia  (lower  levels),  Anogeissus  latifolia  (lower  levels). 

II.  Emblica  officinalis,  Wendlandia  notoniana,  Olea  dioica. 

III.  Phoenix  humilis*. 

IVb.  Heavy  grasses. 


Note. — The  type  is  unquestionably  a  degradation  stage  derived  from  the  sub¬ 
tropical  evergreen  by  clearing  or  burning  or  both,  and  maintained  by  periodic  burning. 
Only  fire  hardy  trees  occur.  Locally  on  shallow  soils  the  climax  is  perhaps  only  semi¬ 
evergreen  or  moist  deciduous  forest. 


Ei.  Ochlandra  reed  brakes 

DESCRIPTION. — Impenetrable  thickets  3  to  5  m.  high  with  scattered  overwood 
of  evergreen  trees. 

DISTRIBUTION.-  -Near  the  summit  of  the  Tirunelveli  hills  above  the  evergreen 
forest  and  along  the  higher  slopes  at  800  m.  and  above,  and  especially  along  streams. 

LOCALITY  FACTORS. — Restricted  to  moist  areas. 


ILLUSTRATION.— Plate  67. 

FLORISTICS.— 

I.  Vernonia  monosis  (o),  Eugenia  spp.  (o),  Palaquium  ellipticum  (o). 

11.  Ochlandra  wightii*,  O.  travancorica* ,  Bentinckia  coddapanna  (a)  (on  rocky 
ground) . 

ECOLOGICAL  STATUS.— Not  determined  but  it  appears  able  to  invade  chance 
gaps  in  the  evergreen  forest. 


C2.  Western  subtropical  hill  forest 

description. — Most  of  the  forest  has  been  fundamentally  altered  by  shifting 
cultivation  or  lopping.  Where  properly  developed,  it  is  a  dense  everpen  wood  of 
mixed  species  and  low  height  generally  not  exceeding  15  m.  though  loca  ^  ^ 

Trees  of  girth  up  to  2  m.  occur,  of  spreading  habit  and  usually  hcllow.  Th  y 

scattered  emergents  of  Tetrameles,  Stereospermum,  etc. 

distribution. — Above  about  1,000  m.,  in  the  northern  part  of  the  Western 
GhaW  in  Bombay  State. 


Facing  page  256 


Plate  67 


7  FRI&.C/64] 


Orhinn^  (OCHLANDRA) 

Ochlandra  sp.  on  alluvium  forming  dense  dark  brakes 
Chandanathode,  Wynaad  Division,  Kerala 
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Plate  68 


CENTRAL  INDIAN 
Syzygium  forest  on  plateau  near 


SUBTROPICAL  HILL  FOREST 
Hidda  R.  H.,  Mahabaleshwar,  Maharashtra. 

H.  G.  Champion 
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mostly  unfavourable  to  good  tree  growth. 

ILLUSTRATIONS.— Puri  (i960);  Figs.  82,  84-6. 

FLORISTICS.— 

(i)  Mahabaleshwar,  Maharashtra. — 

I/II.  Syzygitim  cumini*,  Actinodaphne  hookeri,  Memecylon  umbellatum* ,  Randia 
dumetorum,  Flacourtia  latifolia,  Terminalia  chebula,  Olea  dioica,  Glochidion 
hohenackeri,  Pouteria  tomentosa. 

III.  Cant, 'iiumdicocium,Scutiamyttina  {thorny),  Carvia  callosa  {Strobilanthes  callos, 
us),  Pogostemon  plectranthoides,  Lasiosiphon  eriocephalus. 

IV.  Elaecgnus  latifolia,  Allophyllus  cobbe,  Capparis  pedunculosa,  Z^zyphus  rugosa, 
Paveita  indica. 

Note.— The  forest  is  full  of  blanks  due  to  old  kumris  which  are  very  slowly  recolo¬ 
nized  by  Pteridium  aquilinum  followed  by  Crotalarir.  retusa,  Lasiosiphon  eriocephalus,  Randia 
dumetorum  etc.,  which  also  occur  generally  on  poor  rocky  sites,  and  ultimately  by  Syzygium 
and  other  climax  species.  PURI  &  MAHAJAN  (i960)  differentiate  3  more  communities 
characterised  by  the  predominance  of  Terminalia  chebula,  Randia  dumetorum  and  Artocarpus 
hirsuta  respectively,  but  they  do  not  seem  to  be  more  than  anthropogenic  variants.  SATYA- 
NARAYANAN  (1958)  records  Dysoxylum  binectariferum  as  a  frequent  emergent. 

Very  similar  vegetation  is  found  at  Bhimashankar  (PURI  &  VASVADA).  Although 
these  forests  occur  on  a  plateau  at  only  760  m.,  they  closely  resemble  those  of  Mahaba¬ 
leshwar.  The  rainfall  is  over  5,000  mm.,  humidity  high,  and  temperatures  rnoderate 
(Max.  28°  G.,  Min.  20°  G.). 


G3.  Central  Indian  subtropical  hill  forests 


NOMENGLATURE.— 


Madhya  Pradesh 
Bihar  1 

Orissa  f 

Rajasthan  J 


Hill  top  forests. 


DESGRIPTION.  The  sites  occupied  being  exposed  and  often  with  poor  soil, 
and  long  subject  to  human  settlement  and  grazing,  the  residual  forest  is  mostly  of  an 
inferior  type,  the  trees  being  short-boled  and  branchy.  It  is  doubtful  if  any  climax  forest 
survives  though  the  vegetation  of  sheltered  glens  and  steep  and  narrow  gullies  probably 
represents  it  to  some  extent.  The  average  sites  carry  a  more  xerophytic  vegetation  which 
in  Its  present  degraded  form  closely  resembles  the  tropical  dry  deciduous  forest  though 
usually  with  a  r.ather  higher  proportion  of  evergreens.  • 
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DISTRIBUTION. — On  hill  tops  over  about  1,200  m.  in  Madhya  Pradesh,  Orissa 
and  Bihar,  such  as  Pachinarhi,  Ghikalda  and  the  Bailadila  Hills,  probably  also  Mt.  Abu 
and  Parasnath. 


LOCALITY  FACTORS.— 

Temperature. — The  nean  annual  temperature  ranges  from  18°  to  24°C,  the  January 
mean  being  about  5°  G  lower,  and  the  May  mean  rising  to  about  23°  G,  reflecting  the 
much  longer  dry  season.  Light  frost  is  occasionally  recorded  at  the  higher  elevations 
as  at  Mt.  Abu  (1,200  m.). 


Rainfall  and  Humidity. — Rainfall  is  definitely  lower  than  in  the  South  Indian  type 
though  still  relatively  high,  and  is  typically  over  1,500  mm.  mainly  from  the  S.W.  mon¬ 
soon;  there  is  however,  a  long  dry  season,  usually  lasting  seven  months  which  is  not  com¬ 
pensated  by  adequate  humidity  as  the  monthly  average  drops  as  low  as  26  (even  20  at 

noon). 

Soil  and  Topography. — Soils  are  typically  shallow  where  the  topography  is  steep  as 
in  Mt.  Abu,  but  of  fair  depth  on  the  flatter  tops  as  in  Pachmarhi.  Laterite  is  usual. 
Pachmarhi  is  mainly  on  sandstones,  but  a  wide  variety  of  rocks  are  represented. 


ILLUSTRATION.— Plate  68. 

FLORISTIGS.— Owing  to  the  far  reaching  effects  of  clearing,  grazing  and  burning, 
there  is  little  left  of  the  climax  vegetation,  but  it  would  appear  to  consist  mainly  of  tree 
necies  extending  up  from  the  mixed  deciduous  type  below  with  predominance  of 
^Zrveiuvi  cumini,  Manilkara  hexandra.  Ficus  spp.,  Mallotus  etc.  and  a  shrubby  undergrowth 
.Wine  Strobilanthes,  Ixora,  Indigofera,  etc.,  and  often  lianes  such  as  Bauhtnia,  Vxtis 
Representatives  of  northern  genera  such  as  Hypericum,  kubus,  Berberis  are 

found,  as  well  as  Pteridium. 


(i)  Pachmarhi,  Madhya  Pradesh. 

The  fairly  extensive  plateau  lying  at  somewhat  over  1,000  m  with  peaks  up  to 
be  expected  to  carry  subtropical  vegetation.  Actually  typical  tropical 
1,350  right  up  to  the  rim  whilst  the  plateau  itself  has  been  so 

rtrydec  duO'U  f  by  clearing  etc.  as  to  leave  it  uncertain  what  it  carried  originally. 

and  are  the  consprcuous 

NARAYANASWAMI  (.960),  KAPOOR  &  YADAV  (.96a).  and 
HI  WETSON  (1940)]- 

philipp^nsis  (o). 
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lla.  Cyalh,aspimtosa>  (f),  Alsophila  glabm  (la).  Phomix  humilu  (a). 

III.  Mme^hx  eduh  (f),  GlocUdion  mMinum  (la),  Cymmsporia  bMthana  (la). 

IVa.  Pteridium  aquilinum. 

V.  Omium  s,nni,ns  (la),  Cdamu,  lalifolia  (a),  CUmalis  smilaci/oK„.  (MOONEY. 

1942)- 


(ILLUSTRATIONS.— MOONEY,  Loc.  cit.,  Frontispiece  and  Plate  i). 
ECOLOGICAL  NOTE. — This  is  clearly  not  the  climatic  climax  but  probably 
•ncludes  many  species  that  contributed  to  it.  Fuller  details  and  discussion  are  available 
in  the  reference  given.  Similar  vegetation  has  also  been  recorded  by  MOONEY  (1941; 
for  ravines  at  750-1,000  m.  in  the  Kalahandi  M//r,  and  (1944)  for  the  Pats  of  Rancht, 


Palamau,  etc. 


(iii)  Mt.  Abu,  Rajasthan. — 

An  account  of  the  vegetation  has  been  published  by  MAHABALE  and  KHARADI 
(1946)  from  which  it  is  evident  that  whatever  it  may  have  been  originally,  there  is  now 
no  sub-tropical  evergreen  to  be  found  though  some  of  the  higher  valleys  include  Syzygium 
cumini*,  Ixora  arborea,  Strobilanthes  spp.  \vhilst  the  presence  of  numerous  species  of  Himala¬ 
yan  origin  also  suggest  subtropical  conditions. 

(iv)  Parasnath,  Bihar  (SRIVASTAVA). — 

Between  650  and  1,220  m. 

I/II.  Litsea  monopetala*,  Ficus  retusa*  et  spp.,  Symplocos  racemosa,  Machilus 
sericea. 

III.  Alangium,  Linociera,  Indigofera  pulchella. 

V.  Vitis  spp.,  Bauhinia  anguina,  B.  vahlii,  Jasminum  strictum,  Mezoneuron. 

Above  1,220  m.  {to  1,360  m.) 

I/II.  Nil. 

III.  Pittosporum  floribundum,  Crewia  sp.,  Vangueria  spinosa,  Berberis  asiatica  Rein- 
wardtia.  ’ 


IVa.  Thalictrum,  Polygala,  Geranium,  Lobelia. 

V.  Clematis  spp.,  Bauhinia  anguina. 

NoTE.-The  steep  slopes  shallow  reeky  soil  and  great  exposure  evidently  perclude 
the  development  of  the  vegetation  type  usual  at  this  elevation.  '  P 


degradation  stages  of  southern  subtropical  BROADIEAVED  HILL  FORESTS 
The  subtropical  forests  of  South  India  and  the  Western  Ghats  are  mostly  <  n  Steen 

Over  the  rest  of  the  Peninsula,  only  hilltops  are  in  question  anlespeLTy’whe're  Aeyat 
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relati  /ely  flat,  they  have  mostly  been  completely  denuded  of  tree  growth,  heavily  grazed 
and  burnt,  and  are  now  grassland  with  only  scattered  fire  resistant  trees  and  patches 
of  lov'  forest  or  scrub  in  moister  or  sheltered  spots.  This  residual  vegetation  is  of  little 
importance  as  forest,  but  references  to  literature  concerning  it  are  given  in  the  Biblio¬ 
graphy  for  convenience. 


Sub-group  8B.  Northern  Subtropical  Broadleaved  Hill  Forests 

As  there  appear  to  be  rather  pronounced  difference  between  the  subtropical  forests 
found  on  the  lower  slopes  of  the  Himalayas  and  those  on  the  hills  south  of  the  Brahma¬ 
putra,  two  climax  types  are  recognised.  Both  have  been  subject  to  shifting  cultivation 
greatly  affecting  the  vegetation,  and  in  the  adjoining  Khasi  hill  ranges  the  broadleaved 
forest  appears  to  have  been  extensively  replaced  by  pine.  It  is  possible  that  the  pine 
was  oi  igl  aally  an  edaphic  preclimax  restricted  to  w’ell  drained  seasonally  dry  sites.  For  con¬ 
venience  it  will  be  described  under  the  next  group  but  it  is  included  here  as  a  secondary 
serai  stage  developed  after  clearing  and  maintained  by  repeated  clearing  and  burning. 

SUBDIVISIONS 

Cl.  East  Himalayan  subtropical  wet  hill  forests. 

Co..  Khasi  subtropical  wet  hill  forests. 
qSi.  (Assam  subtropical  pine  forest). 

DSi.  (Assam  subtropical  hill  savannah  woodland). 


Ci.  East  Himalayan  subtropical  wet  hill  forests 


I^OMENCLATURE.— 
Generfl  .  .  •  • 

Bengal . 


Tropical  evergreen  montane  forest  (SCHWEINFURTH). 

Lower  hill  forests  (part). 

IVorking  Plans. 

Middle  hill  forests  (Working  Plans). 

Subtropical  or  middle  hill  zone  (COWAN.) 


N.E.F.  A. 


Montane  subtropical  forest  (BOR). 
Evergreen  hill  forests  (part). 


(’ENERAL  description.— Hill  forests  of  good  height  and  density,  the  dominant 
.r^ecics  being  mostly  evergreen  though  some  large  briefly  deciduous  trees  occur,  sometimes 
Betula)  in  pure  consociations.  Under  favourable  conditions,  50  m.  is  attained  and 
Lw  h  is  very  rapid,  but  on  heavy  soils  and  less  favourable  sites  generally,  22-33  m. 
U  Lre  usual  The  totr.l  canopy  density  is  much  less  dense  than  in  the  tropical  evergreen 
and°he  large  trees  rarely  stand  close  together.  A  middle  storey  .s  generally  recogmsable 
composed  of  a  variety  of  medium  siaed  mainly  evergreen  tree  spec.es  rarely  reachmg  the 
SeZopy.  A  shrubby  undergrowth  is  always  present  and  grass  .s  absent  though  there 
Toftra  herbaceous  layer.  Bamboo  may  be  present  or  not.  Chmbers  are  numerous 
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niMALATAM  bUBTKOPiCAL  WET  HILL  FORF'^T 
group  of  Betu/o  cylindrostachys  with  mainly  evergreen  uLIrgrowch 
Sim  Reserve,  Darjeeling  Division,  West  Bengal. 


H.  G.  Ch, 
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and  varied.  Epiphytes  are  numerous,  including  shrubs  and  many  orchids.  Tiee  ferns 
occur  locally.  The  precipitation  is  generally  over  2,000  mm.  The  dry  season  with 
less  than  50  mm.  in  the  month  is  usually  5  months,  November-March,  and  even  during 
that  period  the  humidity  is  fairly  high  owing  to  the  montane  situation. 

DISTRIBUTION. — The  lower  slopes  of  the  E.  Himalaya  from  about  1,000  m. 
nearly  upto  2,000  m. 

LOCALITY  FACTORS.— 

Tempsrature. — The  mean  annual  temperature  ranges  from  15°  to  2b°C,  the 
mean  temperature  for  January,  from  10°  to  i6°  G,  the  mean  minimum  for  that  month 
dropping  to  about  7°G  indicating  a  definite  cold  season.  The  mean  temperature  for 
the  hottest  months  is  23°C.  The  mean  monthly  temperature  varies  little  during  the 
months  April  to  October. 


Temperature  {centigrade) 


East  Himalayan  Subtropical  Wet  Hill  Forests 


!  West  Bengal 

KURSEONG 

West  Bengal 
KALIMPONG 

\  C  C  0  YYl 

CHERRAPUNJI 

Assam 

AIJAL 

Month 

1,494  m- 

I 

,209  m. 

1,303  m. 

1,097  “2. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mear 

max. 

ii  Mean 
j  min. 

Mear 

1!  Mear 
j  max. 

1 

1  Mear 
min. 

Men; 

1  Meai 
max. 

1  Mcai 
min . 

January  . 
February 

March  . 

April 

May 

June 

July 

August  . 
September 
October  . 
November 
December 

lO-O 

12-2 
15-6 
17-8 
'94 
20-0 
20-6 
20-6 
20-6 
18-3 
15-0 
12  ‘2 

•3-3 

14-4 

«9.4 
21-7 
22-8 
22-8 
23-3 
22-8 
23-3 
21  "7 
18-9 
16  •  I 

7-2 

7- 8 
II-7 

14-4 
16  •  I 
17-8 
18-3 
18-3 
17-8 
15.6 

II-7 

8- 9 

1 1  -6 
12-7 
i6'7 

•9-3 
20-4 
21  -6 
21  -8 
21  -g 
21  -3 
19-0 
15-6 
12-9 

1 

.5-2 

16-3 
20-8 
23 -4 

23- 7 

24- 0 
24  I 
24  •  2 

23.7 

22-2 

'9-3 

16.8 

7-9 

9-« 

12-6 

«5'3 

17- 1 
19-1 
19-6 
19-6 

18- 8 

>5-7 

11-9 

90 

II-8 

130 

i6-6 

18- 4 

19- 2 

20-  I 

20-4 

20-5 

20-6 

190 

i6-o 

'3-4 

1 

1 

>5-7 

i6-8 

20-4 

21  -8 
22-3 
22-2 
22-4 

22  •■5 
22-9 
22-2 

'9-7 

l6-8 

7-8 

9-2 

12-7 

«4-9 

16-  1 

17- 9 

18- 5 
18-5 
i8m 
15-8 
t2'2 

lO-O 

15-7 

15- 2 

21  •  I 

22  •  1 
21-4 
22 '7 
22-8 
22-2 
22-8 
21-1 

«9-3 

16- 4 

21  -2 
20-6 
26-4 
26-6 
25-6 

25-9 
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25-0 
25 -8 
24-1 

23-3 

203 

'  15-6 

1  9-8 

1  15-8 
'7-4 

17- 2 
19-6 
«9-7 
19-4 
19-8 

18- i 

15-4 

12-6 

M.  A.  T. 

i6-7 

'7-9 

.. 

'7-4 

.  . 

.  . 

20-2 

.  , 

.. 

Annual  mean 
maximum 

20*0 

21  -2 

20-5 

24-2 

Highest  record 

306 

30-6 

..  1 

1 

, 

Annual  mean 
minimum 

1 

«3-8 

1 

'4-6  j  .. 

14-2 

16-7 

Lowest  record  . 

••  1 

—0-6  1 

. 

0-6 

, 

? 

No.  of  years 

•  • 

20 

■■ 

35 

1 

7 

. 

!9— 7  FRI  &  C/64 
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Rainfall  {millimetres) 

East  Himalayan.  Subtropical  Wet  Hill  Forests 


Month 

Bengal 

KlIR- 

SEONG 

Bengal 

KALIM- 

PONG 

Assam 

CHERRA- 

PUNJI 

Assam 

AIJAL 

Assam 

SHIL¬ 

LONG 

1,494  m. 

ijQog  m. 

1,303  m. 

1,097  m. 

1,500  m. 

January  .  . 

17 

10 

23 

8 

•3 

February  ...... 

28 

29 

81 

35 

27 

March  ....... 

4* 

28 

261 

84 

50 

Aj  ril  ......  • 

100 

69 

882 

i7« 

130 

May  . . 

295 

>59 

935 

269 

287 

June  ....... 

807 

370 

2,396 

372 

461 

July . 

1,072 

587 

2,725 

302 

347 

August  ....... 

874 

505 

2,458 

332 

317 

September  ...... 

625 

288 

1,012 

316 

300 

October  .  . . 

126 

127 

571 

•53 

•71 

November  . . 

14 

18 

64 

43 

4« 

December.  ....•• 

9 

8 

13 

•7 

7 

Total  for  year  (M.  A.  R.)  .... 

4.044 

2,189 

11,422 

2,101 

2,150 

Number  of  rainy  days  .... 

132 

104 

162 

124 

122 

Number  of  months  with  less  than  50  mm. 

5 

5 

2 

4 

4 

M.  A.  Humidity . 

? 

80 

78 

78 

75 

No.  of  years . 

58 

15 

12 

48 

35 

Soil  and  Topography .—W^ry  little  has  been  recorded.  The  rocks  forming  ®  * 

covered  by  the  forest  are  mostly  crystalline  gneisSv; s  and  granites,  or  metamorp  i 
and  schists.  The  soils  are  mostly  brown  earths 

T7T  ORISTIGS  —The  type  is  characterised  by  the  prevalence  of  oaks  and  chestnu  , 

whi  a„  "Sir. 

^  »  fthe  rroD  Other  temperate  genera  often  seen  are  Alnus,  riunus  a  u 
beLg  usually  ascribable  to  edaphic  peculiarities  of  the  sites  occup 
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or  confined  to  drier  sandy  soils  or  to  well  drained  ridges.  Differentiation  of  associations 
within  the  subtropical  hill  forest  has  been  undertaken  for  North  Bengal  by  COWAN. 
His  four  associations  do  not  appear  sufficiently  different  to  call  for  separate  treatment,  his 
Engelhardtia-Castanopsis-Schima-Betula  hylium  being  the  principal  one  typical  of  the  whole 
ZDae  except  for  the  absence  of  the  Engelhardtia  at  the  lower  limit. 

ILLUSTRATION.— Plate  69. 

FLORISTIGS.— 

West  Bengal — 

(i)  Caslanopsis-Schima  forest,  Kalimpong  Division  (COWAN). — 

I.  Castanopsis  tribuloides*  (37%),  C.  indica*  (13%),  Schima  wallichii*  (13%), 
Terminalia  bellerica  (3%),  Eugenias'p^.  (2%),  Terminalia  crenulata  (2%),  Albizzia 
procera  (2%). 

11.  Boehmeria  rugulosa  (4%),  Ficus  cunia  (3%),  Heynea  trijuga,  Grewia  vestita,  Litsea 


monopetala,  Eurya  spp. 


Note. — This  form  extends  down  to  610  m.  and  is  less  evergreen  than  the  following. 
It  forms  a  transition  from  the  Wet  sal  forest. 


(li)  Schima-Castanopsis-Phoebe  forest,  Kalimpong  Division,  West  Bengal.  (COWAN). _ 

I.  Schima  wallichii*  {2^%) ,  Castanopsis  indica*  (9%),  Phoebe  attenuata*  (5%), 
Castanopsis  tribuloides*  (4^%),  Bauhinia  purpurea  (4%),  Stereospermum  personatum 
(3%)>  Phoebe  lanceolata  (3%),  Michelia  champaca  (2^%),  Cedrela  spp.  (2%). 

II.  Eurya  spp.,  Macaranga  spp.,  Turpinia  pomifera,  Machilus  spp.,  Meliosma  simtli- 
cifolia,  etc.  ^ 

Note.— This  form  also  extends  down  to  610  m.  It  is  found  with  a  higher  rainfall 


I  la.  Dendrocalamus  sikkimensis. 


Nc 

Engelha 

_ _ -  - - - 


.  .  . .  elevations,  the 

javanica,  Alcimandia  cathcartii,  Machilus  edulis 


and  other  species  appear. 
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(iv)  Ostodes  association,  Kalimpong  Division,  West  Bengal.  (NOT  SEEN). — 

I.  &  II.  Ostodes  peniculata*  Machilus  spp.  {^%),  Deilschmiedia  spp.  (6%), 

Lyonia  ovalifolia  (5%),  Schima  wallichii  (5%),  Engelhardtia  spicata*  (5%),  Ter- 
minalia  chebula  (4%),  Aglaia  perviridis  (4%),  Meliosma  simplicifolia  (4%),  Ced- 
rela  febrifuga  (3%),  BetiUa  spp.  (3%),  Eugenia  kurzH  (3%). 

Note. — This  association  occurs  between  1,220  and  1,830  m.  with  heavy  rainfall  and 
distinguished  by  the  predominance  of  Ostodes.  (COWAN). 


(v)  Phoebe-Beilschmledia-Engelhardlia  hylium.  Aka  Hills,  N.E.F.A.  (BOR).  (NOT 
SEEN)— 

I.  Phoebe  paniculata*,  P.  attcnuata*,  Beilschmiedia  roxburghiana* ,  Engelhardtia*, 
Nyssa  javanica,  Schima  wallichii,  Chinnamomum  cecicodaphne.  Morns  laevigata, 
Syzygium  cumini,  Quercus  fenestrata,  Calophyllum  polyanthum,  Wightia,  etc. 

II.  Drypetes  venusta,  Talauma  hodgsoni,  Gynocardia  odorata,  JVyssa  javanica,  Garcinia 
paniculata,  Eugenia  kurzii. 

Ila.  Dendrocalamus  patellaris,  Chimonobambusa  grijfithiana. 

III.  Daphne,  Cyclea,  Glycosmis,  Strobilanthes  spp.,  Phlogacanthus  etc. 

IVa.  Impatiens  spp.,  Araceae  spp.,  Rauwolfa  spp.,  Ainsliaea  etc. 

IVb.  Oplismenus. 

V.  Vitis  spp.,  Mucuna  macrocarpa,  Thunbergia  coccinea.  Calamus  Jlagellum  (along 
streams) . 

(ILLUSTRATIONS.— BOR,  loc.  cit..  Plates  4  &  5.) 

(vi)  Aborland,  Pr.E.F.A.—BUKKlhh  (1924)  has  described  the  vegetation  of  the 
Abor  Hills  at  the  eastern  end  c.f  the  range.  He  found  no  demarcation  between 
the  tropical  and  temperate  forests.  Considering  primarily  the  floiistics,  he 
noted  that  the  change  from  the  tropics  to  the  temperate  genera  and  families 
occurs  much  lower  than  in  Sikkim,  by  as  much  as  600  m.  He  does  not  list  the 
typical  species  for  each  type  recognised,  but  gives  the  altitudinal  data  for  each 

species  recorded. 


(vii)  Manipur  (D.B.  DEB) — 

(a)  Langool  Reserve.  Qiiercus-Laurus-Schima  hylium,  Soo,  to  1,000  m.  or  more. 

I.  Lithocarpus  spicatus*,  Q,-  {=fenestrala) ,  d-serrata*, 

Cinnamomum,  Saurauja  spp.,  Litsea  spp.,  Machtlus,  Syzygium,  .e  re  a 

II/HI.  Psychotria,  Flacourtia,  Symplocos,  Crataeva  nurvala,  Emblica. 

V.  Clematis  spp.,  Cudrania,  Entada,  Parana,  Rubus  etc. 

(b)  Ukhml  and  Shagnu.  Pinm-Qju,cm  hytinm,  .,=00  .o  .,500  m..  .,750  mm.  rainfall, 
volacanic  rock. 

I.  Pinus  insularis  (khasya)*  dominant. 
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II.  Quercus  spp.*,  Litkocarpus* ,  Sckima,  Castanopsis  spp.,  Betula  alnoides,  Aceroblon- 
gum,  Engelhardtia,  Symplocos. 

III.  Pittosporum  sp.,  Myrsine,  Debregeasia,  Rubus  spp.,  etc. 

V.  Rosa,  Cissus,  Piper. 

Epi.  Orchids  numerous. 

(c)  Koupru  and  Maohing.  Saurauja-Phoebe-Deilschmiedia  hylium,  goo  to  i,8oo  m.,  3,000 
to  4,000  mm.  rainfall. 

I/II  Saurauja*  (3  spp).,  Phoebe  lanceolata* ,  Beilschmiedia* ,  Cinnamomum  cecicoda- 
phne,  Schima,  Lauraceae  (many  spp.),  Osiodes. 

III.  Abundant  shrub  layer. 

V.  Conspicuous  with  Entada,  Mucuna,  Cissus,  Porana  etc. 

Epiphytes  many  and  varied;  orchids,  ferns  and  mosses. 


Ca.  Khasi  subtropical  wet  bill  forests 

NOMENCLATURE. — Manipur — Tripura — Montane  subtropical  forests  (DEB). 

.dwam.— (Shillong  plateau)  Evergreen  forest  (BOR). 

DESCRIPTION.— Dense  evergreen  forest  of  no  great  height,  rarely  exceeding  20  m.. 
the  dominant  stems  with  smooth  cylindrical  boles  and  rather  branchy  crowns.  A  second 
storey  is  hardly  distinguishable  and  the  amount  of  shrubby  undergrowth  v-aries  consi- 
derably  with  the  density  of  the  upper  canopy.  There  is  a  heavy  growth  of  epiphytic 
mosses,  ferns  and  phanerogams.  ^ 


DISTRIBUTION.— The  upper  slopes  of  the  Khasi,  Jaintia  and 
including  the  tops  where  they  have  not  been  denuded. 


adjacent  hills 


LOCALITY  FACTORS.— 


Temperature. — The  range  of  the  monthly 
season  being  fairly  well  marked,  frost  being 
for  Shillong  and  Cherrapunji. 


means  is  between  50°  and  yo^C  the  cool 
sometimes  experienced.  Data  are  given 


high  figures  locally  as  at  Ghermpunji  whh  ^lo’sor^^  ^'^^^eptionally 

Cherrapunji,  Imphal,  Manipur,  Ko^ima  (Nag!  h” 

appear  to  be  la"rt1f^u^to^^e^^^^  ‘VPe  would 

of  a  great  mountain  range.  exposed  hill  top  sites,  and  the  flanks 
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FLORISTIGS.— 

(i)  Shillong  Plateau,  Assam  (cf.  BOR).  1,300  m. — 

I.  Quercus  spp.*,  Manglieiiainsignis,  Beilschmiedia* ,  Cinnamomunt  spp.,  Machilus 
®PP*>  Schima  khasiana,  Bucklandia,  Ficus  nemoralis. 

II,  Lindera  spp.,  Ilex  spp.,  Ligustrum  spp.,  Litsea  spTp.,  Prunus  spp., spp., 
Symplocos  spp.,  Myrica  sapida,  Lyonia  spp. 

I  la.  Chimonobambusa  callosa. 

III.  Myrsine  semiserrata.  Daphne  spp.,  Euonymus  spp.,  Hypericum  spp..  Viburnum 
spP->  Z^^i^oxylum  spp.,  Rosa  spp.,  Rubus  .spp. 

IV.  Elaeagnus,  Hedera,  Lonicera,  Smilax,  Vitis,  etc. 

Note. — The  richness  of  the  flora  is  remarkable  as  also  the  mixture  of  temperate  and 
tropical  genera.  Apparently  there  are  no  tree  ferns. 

(ii)  Manipur  {Koupru  and  Maohing).  NOT  SEEN. 

Saurauja-Phoebe-Beilschmiedia  hylium  (DEB). — 

I.  Saurauja  spp.*,  Beilschmiedia  spp.*,  Schirtia  wallichii,  Cinnamomum  spp.,  Litsea 
spp.,  Machilus  spp.,  Ostodes,  Quercus  truncata,  Castanopsis  tribuloides. 

II.  Dalbergia  spp.,  Pavetta  indica,  Micromelum  pubescens. 

III.  Eurya  japonica,  Daphne  cannabina,  Psychotria  spp.,  Rubus,  Leea  crispa,  Strobila- 
nthes  spp. 

IV.  Entada  phaseoloides,  Thumbergia,  Smilax,  Mucuna,  Cissus  etc. 

Quercus-Engelhardtia-Schima-Vaccinium  hylium  (DEB). — 

I.  Quercus  griffithii*,  Engelhardlia* ,  Q^.  semiserrata,  Schima  wallichii* ,  Vaccinium 
donianum*,  Quercus  spp. 

II.  Wendlandia  spp.,  Morinda  angustifolia. 

III.  Rosa  xanthocarpa,  Gouania,  Paederia,  Uncaria. 

SERAL  AND  DEGRADED  TYPES  OF  NORTHERN  SUBTROPICAL  BROADLEAVED 

wet  hill  forests 

In  many  parts  of  the  Khasi  and  adjoining  hills,  repeated  shifting  cultivation  with 
fellinc^  and  burning,  have  cleared  and  greatly  altered  the  original  forest  cover  presumed 
to  have  been  of  broadleaved  evergreens  with  or  without  pines.  There  are  now  consideij 
able  areas  of  open  grassland  with  scattered  trees  adjoining  pine  forest  or  broadl^ved 
forest  (locally  in  N.  Cachar,  almost  pure  oak),  and  also,  notably  on  the  Naga  1  s, 
treeless  grassy  hill  tops.  These  occurrences  may  accordingly  be  viewed  as  degradation 
of  the  climatic  clinisx. 

281*  (Assam  subtropical  pine  forest) 

This  pine  forest  is  described  under  Group  9  below  (p.  274)  in  vie\v  of  its  close  rese 
blance  to  the  Himalayan  subtropical  pine  forests  and  its  possible  climax  status. 
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DSl.  (Assam  subtropical  hill  savaunah  woodland) 

, _ clearinc  has  included  an  adequate  stocking  of 

pi„c“C'artS:td1peci.s  ha  e  eliminated  hy  hutning.  mote  ot  ies. 
pure  pine  forest  results  as  a  secondary  sere  stabilised  by  fire. 


GROUP  9.  SUBTROPICAL  PINE  FORESTS 


Punjab  . 
Uttar  Ptadesh 
Assam 


I.  NOMENCLATURE 

.  Chil  forest. 

.  .  .  Chir  forest. 

...  Pine  forest. 


2.  GENERAL  DESCRIPTION 

Typically  a  practically  pure  association  of  pine  (roxburghii),  but  very  generally  con¬ 
siderably  influenced  by  the  annual  or  periodic  fires  which  take  place.  Typically  no 
other  trees  now  occur  in  the  top  canopy,  there  is  practically  no  underwood  and  even 
shrubs  are  few,  but  where  moisture  conditions  are  a  little  more  favourable  there  tend* 
to  be  an  underwood  of  broad-leaved  trees.  These  trees  are  mostly  evergreen  oaks,  and 
increase  with  rising  altitude  leaving  the  pine  on  the  warmer,  drier  ridges  and  ultimately 
as  scattered  standards.  Towards  the  lower  limit  there  is  a  corresponding  increase  of  the 
trees  of  the  dry  deciduous  type.  A  grass  soil  cover  is  usual  with  a  number  of  bulbous 
and  annual  herbs  which  flower  in  the  rainy  season.  Climbers  and  bamboos  are  absent. 

3.  DISTRIBUTION 

Forests  of  Pinus  roxburghii  are  found  throughout  the  whole  length  of  the  Western 
and  Central  Himalayas  from  the  N.W.  Frontier  to  Sikkim  and  West  Bhutan  between 
1,000  m.  and  1,800  m.  extending  on  ridges  down  to  600  m.,  and  upto  2,300  m.  on  south 
ern  exposure.  The  absence  of  this  pine  forest  from  Kashmir  is  noteworthy  and  related 
to  the  weakened  S.W.  monsoon. 

In  the  Khasi,  Naga  and  Manipur  hills,  forest  of  Pinus  insularis  (P.  khasya)  occurs 
at  similar  altitudes. 


4-  locality  factors 


T'u  mean  annual  temperature  lies  between  about  15°  and  20°  C. 

e  data  for  Kathmandu  (Nepal)  are  given  as  indicative  of  conditions  in  the  east  of  the 
range. 
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Temperature  {centigrade) 
Sub-tropical  Pine  Forests 


Month 

Punjab 

DHARAMSALA 

1,311  m. 

Uttar  Pradesh 
RANIKHET 

1,850  m. 

Nepal 

KATHMANDU 

1,338  m. 

Assam 

SHILLONG 

1,500  m. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

January  . 

10*2 

13-9 

6-4 

7-8 

I2'8 

5-6 

10*2 

181 

2-3 

9-7 

15-6 

3-8 

February 

ia‘8 

17-2 

8-4 

8-9 

12-8 

4-4 

I2'3 

20*1 

4-4 

114 

16-9 

5-8 

March 

i8'4 

22-3 

144 

>3-9 

18-3 

9-4 

i6-3 

25-2 

7-4 

'5-9 

21*3 

10*4 

April 

19-9 

24-6 

15-2 

18-3 

22-8 

>3-3 

20*1 

28-8 

II-4 

i8-7 

23-4 

13-9 

May 

23-6 

28-1 

I9-I 

20-0 

24-4 

«5-9 

22*7 

29-6 

15-8 

19-2 

23-3 

>5-> 

June 

28- 1 

32-9 

23-3 

21-7 

25-6 

17-8 

24-3 

29-3 

>9-3 

20*4 

23-6 

17-2 

July 

23-8 

27-0 

20*7 

20*0 

23-3 

17-2 

24-6 

28-7 

20*4 

21  *  I 

24-1 

181 

August  . 

22-8 

25-4 

20*2 

•9-4 

22-8 

i6-7 

24*4 

28 -6 

20*2 

20-9 

23-9 

17-8 

September 

22-4 

25-5 

19-2 

18-9 

22  -8 

i6- 1 

23-4 

28- 1 

.8-7 

20-0 

23-5 

16-4 

October 

i8-7 

22-7 

'4-7 

i6*  1 

20-6 

12*2 

20-2 

26-7 

13-6 

17*2 

21-7 

12-7 

November 

15-8 

20-6 

10-9 

12-8 

16-7 

8-3 

15-2 

22-7 

7-6 

12-5 

18-9 

6- 1 

December 

”■5 

«5'5 

7-4 

9-4 

•3-9 

6-1 

1  1  *0 

i8-8 

3-2 

10*4 

16-4 

4-4 

M.  A.  T. 

ig-o 

15-6 

.  . 

i8-7 

•• 

16-5 

•  • 

•• 

Annual  mean 
maximum 

23-0 

'9-7 

. . 

-  . 

25-4 

•• 

21  •  I 

•  • 

•• 

Highest  record  . 

7 

,  , 

30-0 

..  1  37-2 

•• 

•• 

32-2 

•  • 

Annual  mean 
minimum  • 

15-0 

.. 

11-1 

«  . 

1 

12-0 

•• 

ii-g 

•  • 

I  rawest  record  . 

7 

•  . 

- I-I 

—2-8 

•• 

—2-8 

•  • 

No.  of  years  . 

? 

•  • 

•• 

•• 

40 

•  * 

..  j  35 

" 

- — 

rainfaU  is  Ver«  "n  IS 

‘recrUaTion.'”  Th^’  S  hUk  have  a  much  higher  rainfall  bul  the  ecological  statu. 
orthTforest  is  in  question,  vide  p.  275- 


Group  9 

Rainfall  (millimetres) 
Sub-tropical  Pine  Forests 
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Month 

Punjab 

DHA- 

RAM- 

Punjab 

KOT- 

KHAI 

U.  P. 
PAURI 

U.  P. 

ALMORA 

Assam 

SHIL¬ 

LONG 

Nepal 

KATH¬ 

MANDU 

Manipur 

UKH- 

RUL 

SALA 
1,311  m. 

1,615  m. 

1,676  m. 

1,615  m. 

1,500  m. 

1,338  m. 

1,859  m. 

January  . 

117 

62 

62 

48 

»3 

10 

14 

February 

«i5 

81 

69 

48 

27 

42 

49 

March  .  .  . 

9* 

69 

54 

44 

50 

•5 

55 

April 

53 

56 

30 

26 

130 

26 

9» 

May 

57 

65 

57 

52 

287 

130 

•75 

June 

237 

103 

>34 

«47 

461 

246 

312 

July 

936 

226 

345 

264 

347 

373 

321 

August  .  .  . 

972 

212 

341 

241 

3*7 

347 

283 

September 

298 

107 

138 

132 

300 

182 

192 

October  . 

29 

21 

31 

34 

i7« 

37 

128 

November 

'3 

1  1 

8 

7 

4> 

2 

70 

December  .  , 

5« 

25 

25 

19 

7 

8 

12 

Total  for  year  (M.A. 
T.)  . 

2,966 

>,039 

1.295 

1,061 

2,150 

i,4»7 

«.752 

No.  of  rainy  days 

97 

67 

75 

69 

122 

99 

tig 

No.  of  months  with 
less  than  50  mm. 

2 

3 

4 

7 

4 

7 

3 

M.  A.  Humidity 

? 

? 

? 

i  ^ 

75 

76 

■? 

No.  of  years 

1  75 

75 

77 

1  77 

35 

6 

19 

5.  GENERAL  FLORISTICS 

Tlie  pmc  picdoiiiinates  over  every, hing  else  and  creates  an  environment  inimical 

“  'h'  most  typical  broadleaved  associated  genus 

with  and  ^.,„e  (  rom  higher  altitudes)  and  rami,,;.  A/a«e<„r  and 

Camra  (from  lower  al, nudes),  Mar,  BMs  and  Ruius  are  representative  shrubs  and  one 
or  two  sprees  ofF-rar  are  present.  CAr^rapaiaa  and  Hrtrrapagaa  with  TWda  and  ArunJ. 
nella  are  the  pronimeut  grass  genera.  ^^unui- 
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6;  SUBDIVISIONS 

The  main  tract  of  pine  forest  in  which  there  are  virtually  no  other  top  canopy 
species  IS  rather  sharply  differentiated  at  the  upper  limit  with  a  restricted  transition 
to  oak  forest.  At  the  lower  altitudes,  however,  there  is  a  much  more  intimate  mingling 
with  the  deciduous  trees  of  the  tropical  mixed  deciduous  forests,  dominance  appearing 
to  be  related  mainly  to  topographically  conditioned  micro-climatic  variation.  Whereas 
with  fire  protection  the  pine  higher  up  loses  ground  to  the  broadleaved  trees,  in  this  lower 
zone  it  is  the  pine  that  spreads.  As  moreover  forest  management  tends  to  be  different 
in  the  two  cases,  it  has  been  thought  desirable  to  recognize  a  subtype  for  the  lower  zone. 
The  types  to  be  described  are  accordingly  : 

Ci.  Himalayan  subtropical  pine  forests. 

DSi.  Himalayan  subtropical  scrub. 

DS2.  Subtropical  Euphorbia  scrub. 

C2.  Assam  subtropical  pine  forest. 

DSi.  Assam  subtropical  pine  savannah. 

Ci.  Himalayan  subtropical  pine  forests 
Cia.  Lower  or  Siwalik  chirpine  forest 

NOMENCLATURE.— 

General  .  .  .  Pinus  roxburghii  forest  (part).  (SCHWEINFURTH). 

Punjab  .  •  •  Lower  or  unstable,  together  with  middle  or  intermediate 

zone,  pine  forest  (MOHAN). 

DESCRIPTION. — The  pine  stands  singly  or  in  groups  with  a  scattered  lower  de¬ 
ciduous  tree  storey  more  numerous  in  depressions  and  cool  aspects.  There  is  usually 
a  fairly  continuous  low  scrub  growth  of  xerophytic  shrubs. 

DISTRIBUTION. — General  at  appropriate  altitudes  on  the  Siwalik  Hills  from 
Jammu  to  Uttar  Pradesh. 

LOCALITY  FACTORS.— Typically  on  steep  dry  slopes  below  1,000  m.  on  the 
Siwalik  conglomerates  and  sandstones.  Detailed  information  is  available  from  PURI 
and  MOHAN  (1956). 

ILLUSTRATION.— Plate  70. 

FLORISTICS.— 

(i)  Kangra,  Punjab. — 

I,  Pinus  roxburghii*.  ^ 

11.  Terminaliachebula,  Mallotus  philippensis,Pyrus  pashia,Syzygiumcumini,  Albizva 

chinensis,  Emblica,  Acacia  catechu. 
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HI  arissa  opaca*,  Dodmaea  mscosa,  Rubus  ellipikus,  CraUtegas  cren«lata  FlMia 
XrVafric:..,  Woodfordia  fiulicosa,  CoUbrockia,  Berberu,  Ind,gofera  pul- 
chella,  Murraya  koenigii. 

IVI).  Chrysopogon  fdvm,  Cymbopogon  spp.,  Dkhanlhium  amuhtum,  Mercpcgm 
contortus,  Themeda  anathera. 

V.  Very  few.  Rosa  moschata. 


Note.— In  moister  sites,  Quercus  incana,  Q,.  glauca,  Pyrus,  Rhododendron  etc. 

(ii)  Kalagarh  Division,  Uttar  Pradesh  (Preservation  Plot  No.  7,  500  m.)  (%  of 

trees  over  20  cm.  dbh.) — 


I.  &  II.  Shorea  robusta  (60%),  Terminalia  tomentosa  (15%),  Pinus  roxburghii  (8%), 
Anogeissus  latifolia  (8%),  Ougeinia  oojeinensis  (3%),  Acacia  catechu  (2%),  Syzygium 
cumini  (1%),  Lagerstroemia  parviflora,  Lannea  coromandelica,  Albizzia  sp.,  Ter¬ 
minalia  bellerica,  T.  chebula,  Cassia  fistula  (all  together  3%)- 


Note.— This  plot  is  in  the  lower  part  of  the  transition  zone  Siwalik  sal/Siwalik  chir. 
In  many  such  localities  the  proportion  of  chir  is  gradually  increasing  as  a  result  of  fire 
protection,  so  much  so  that  in  places,  especially  in  the  upper  parts,  almost  pure  chir  crops 
have  become  established. 


General  Note. — MOHAN  and  PURI  (1956)  differentiate  six  sub-types: 

(1)  Chir-Carwa-grass  with  Terminalia  chebula,  Lannea,  etc. 

(2)  Ch.iv-Carissa-Indigofera-gr:as?i  with  abundant  pine  regeneration. 

(3)  Chiv-Quercus  incana  with  Berberis,  Myrsine  and  grass. 

(4)  C,h.h- Acacia  catechu  and  grass  with  Mallotus,  Lannea  etc.  This  type  is  difficult 

for  pine  regeneration. 

(5)  Chir-  Wendlandia-Dodonaea-Carissa. 

(6)  G\\\v-Carissa-Flacourtia  grass — pine  regeneration  scarce. 


DUDGEON  and  KENOYER  differed  from  most  earlier  workers  in  allotting  to  the 
pine  only  the  status  of  a  xerophytic  edaphic  climax  in  a  broadleaved  sclerophyll  formation 
This  view  has  been  supported  by  PARKER,  MOHAN  and  PURI  and  others,  but  is 
not  acceptable  to  the  present  authors  who  consider  that  there  is  a  definite  altitudinal 
zone  lymg  between  about  1,200  and  1,800  m.  on  southern  exposures,  and  rather  lower 
upper  'mit  on  northern  slopes,  naturally  varying  with  micro-relief,  in  which  the  pine 
forest  should  be  accorded  climatic  climax  status.  The  authors  cited  above  suggested  that 
he  distribution  of  these  forms  appears  to  be  primarily  related  to  site  variation,  and  that 

he  pine  is  scarcely  a  stable  community . except  for  some  special  habitats  like  quartzite 

formafons,  scarp  slopes  (and)  schists”.  They  accept  tha,  it  is.  in  fact,  stable  on  such 
SI  es,  and  as  these  comprise  a  considerable  proportion  of  the  whole  area,  it  is  thought 
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Gib<  Upper  or  Himalayan  chir  pine  forest 

NOMENCLATURE.— 

General  .  .  .  Pinus  roxburghii  forest  (part)  (SCHWEINFURTIU 

U.  P.  Chir  forest. 

Punjab  Chil  forest. 

DESCRIPTION. — High  forest  20-35  high  usually  forming  a  canopy  from  one- 
third  to  two-thirds  complete  and  in  any  case  light.  As  a  rule  no  other  trees  reach  the 
top  canopy  and  there  are  only  scattered  trees  representing  a  second  storey.  The  annual 
fires  prevent  the  development  of  the  shrubs  which  would  otherwise  form  an  undergrowth, 
as  they  do  on  steep  and  rocky  ground  and  at  lower  elevations  generally,  and  on  sites 
which  escape  fire.  During  the  monsoon  a  rich  grass  growth  develops,  which  dries  up 
and  is  flattened  down  in  the  winter  and  from  then  till  the  rains,  the  soil  appears  completely 
bare  of  vegetation  and  is  covered  with  the  fallen  needles  till  they  get  burnt  and  a 
flush  of  new  grass  appears. 


DISTRIBUTION. — The  Himalayas  from  Bhutan  westwards,  from  1,200  to  i,8oom. 
overlapping  the  tropical  deciduous  forest  at  the  lower  elevations  notably  on  the  Siwalik 
hills,  and  giving  way  to  the  temperate  forests  (broadleaved  or  coniferous)  above. 
Extensively  developed  in  Jammu,  Himachal  Pradesh,  Punjab  and  Uttar  Pradesh,  P. 
roxburghii  extends  eastwards  through  Nepal,  and  outliers  occur  in  Darjeeling  district 
where  it  is  found  in  intimate  mixture  with  Shorea  robusta.  The  absence  of  the  type  on  ex¬ 
posed  southern  aspects  of  the  outer  ranges  of  the  Himalaya  is  noteworthy  and  is  perhaps 
primarily  conditioned  by  the  combination  of  excessive  heat  with  high  humidity  in  the 
monsoon  period,  unfavourable  to  seedling  regeneration  of  the  pine. 


LOCALITY  FACTORS.— The  climatic  data  given  on  pp.  268-269  are  fairly 
representative,  but  the  type  occurs  under  a  wide  range  of  conditions  with  rainfall  from 
about  9oo  mm.,  upto  over  2,500  mm.  (Dharmsala,  Palampur)  and  with  temperatures 
running  very  high  during  the  dry  summer  months.  Snow  falls  rnost  years  in  the 
upper  parts  of  the  pine  forests  but  rarely  lies  for  more  than  a  few  days.  A  locality  factor  of 
the  greatest  significance  is  fire,  for  until  the  introduction  of  forest  management  all  these 
foreL  were  burnt  at  frequent  intervals,  practically  annually,  and  the  distribution  and 
composition  of  the  type  has  been  greatly  influenced  by  this  as  will  be  discussed  a  er. 

Pine  forest  is  very  rarely  found  on  level  ground  as  only  in  a  few  such  places  has  it 
escaped  clearing  for  cultivation.  Apparently  most  of  the  more  easily  sloping  ground  ha 
been^  cleared  afone  time  or  another  for  temporary  cultivation,  but  the  pine  is  the  mos 
SeSonfeer  when  ,he  fields  are  abandoned.  The  forests  are  mostly  heavtly  grazed. 


ILLUSTRATION.— Plate  71. 
FLORISTICS.— 

(i)  Maharpali,  Almora  Distt.,  U.  P.  1,500  m 
1.  Finns  roxburghii.* 


HIMALAYAN  CHIR  PINE  FOREST 

Pinus  roxburghii  forest  burnt  annually  and  then  being  regenerated  with  fire  protection.  Distant  higher 
7FRI&C/64]  hills  carry  Quercus  incana  and  Q.  dilatata  forests.  Parkot,  Almora,  Uttar  Pradesh.  H.  G.  Champion 
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II. 

III. 


IVa. 


IVb. 


F,cu,  roxiurehii*  M,  Sj,g>eium  mini  (r),  Engelhardlia  cokhookiana  (r),  Lyonia 
ooaUfolta*  (o),  Qja’«^  C")-  Rhododendron  arboream*  (If),  Symplocos  era- 

taegoides,  Myrica  sapida  (r). 

Indigofsra  dosua  (f),  FUmingia  fruticulosa  (f),  Lespedeza  sericea  (o),  Rubus  ellipticus 
(o),  Viburnum  coriaceum  (o),  Glochidion  velutinum  (If),  Leptodermts  lanceolata  (lo), 
Aechmanthera  iomentosa  (lo). 


Teucrium  quadrifarium  (o),  Pedicularis  carnosa  (f),  Pouzolzia  hirta  (f),  Anaphalis 
araneosa  (f),  Erigeron  multicauUs  (lo),  Euphorbia  prolifera  (f),  SxDertta  sp.  (o), 
Habenaria  suzannae  (r). 


Heteropogon  contortus  (o),  Arundinella  intricata  (a),  Eulalia  hirtifolia  (f),  Bothrio- 
chloapertusa  (f),  {Capillipedium  assimile)  (If),  Sehima  notata  (f),  Thimeda  anathna 
(o),  Arundinella  bengalensis  (o),  Carex  condensata  (o). 


V.  There  are  no  climbers. 


Note. — This  area  was  heavily  grazed  and  occasionally  burnt  prior  to  enclosure  and 
protection  during  the  past  5  years.  There  was  a  complete  dense  grass  cover,  practically 
none  of  the  shrubs  being  visible  through  it. 


(ii)  Kaligad,  Almora  Distt.,  U.  P.  1,830  m.— 

I.  Pinus  roxburghii* . 

II.  Quercus  incana  (a),  Lyonia  ovalifolia*  (a).  Rhododendron  arboreum*  (o),  Pyrus 
pashia  (o),  Myrica  rubra  (f),  Crataegus  crenulata  (f),  Symplocos  crataegoides  (i), 
Coriaria  nepalensis  (o). 


III.  Indigo/era  dosua  (f),  Myrsine  africana  (f).  Inula  cappa  (f),  Leptodermis  lanceolata 
(f),  Berberis  lycium  (a),  Rubus  ellipticus  (f),  R.  lasiocarpus  (o),  Moghania  fruticulosa 
(a).  Viburnum  cotinifolium. 


IVa.  Plectranthus  strictus  (a),  Anaphalis  sp.  (f),  Rosocea  (f).  Gallium  sp.  (f),  Arte¬ 
misia  vulgaris  (o),  Desmodium  parvifolium  (o). 

IVb.  Eulalia  mollis  (f),  Arundinella  intricata  (f),  Agrostis  alba  (f),  Capillipedium  parvi- 
florum  (o),  Sporobolus  elongatus  (o),  Heteropogon  contortus  (r). 

V.  Rosa  moschata  (p). 

Note.— Protected  for  many  years  except  for  light  grazing,  shrub  growth  well  develop¬ 
ed  and  grass  growth  correspondingly  slight.  ^ 


General  Not^— This  type  of  forest  has  been  studied  and  described  as  much 
as  any  m  India.  Descriptions  of  representative  occurrences  throughout  the  ranee  of 

.meracon  between  Pinar  roxbnrgHii  and  its  habitat”  (.9.3),  and  on  the  of  the 
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hand  of  man  on  the  distribution  of  forest  types”  (1923).  A  useful  paper  on  the  “Ecology 
o[  Pinus  roxburghii  in  Kangra  and  Hoshiarpur  forest  divisions”  was  also  published  in  1933 
by  MOHAN. 

The  type  regenerates  itself  directly  on  abandoned  clearings  though  slow  to  do  so  if 
the  soil  has  become  badly  aerated.  It  also  regenerates  on  landslips  and  new  gravelly 
alluvium.  It  is  more  fire  hardy  than  any  of  its  competitors  and  itself  produces  conditions 
increasing  the  fire  risk.  Fire  protection  has  resulted  in  a  downward  extension  into  the 
deciduous  forest  and  a  retrogression  at  the  higher  elevations  and  in  sheltered  sites.  The 
relation  to  the  more  mesophytic  Pinus  wallichiana  association  is  interesting  and  is 
described  by  TROUP  and  others. 


DSi.  Himalayan  subtropical  scrub 

Over  considerable  areas  in  the  Siwalik  chir  zone,  extending  up  into  the  Himalayan 
chir  forest  and  down  into  the  mixed  deciduous  forests,  the  overwopd  has  been  destroyed 
or  perhaps  has  been  unable  to  develop  owing  to  excessively  dry  and  shallow  soil,  and  open 
shrub  formations  occupy  the  ground.  The  dominant  species  vary  a  good  deal  and  often 
one  or  two  of  them  may  so  predominate  as  to  give  a  characteristic  appearance.  MOHAN 
and  PURI  (1956)  in  differentiating  six  subtypes  of  the  Siwalik  chir,  describe  the  associat¬ 
ed  shrub  species  for  each.  Probably  the  residual  scrub  on  degradation  will  show  its  origin 
but  both  edaphic  and  biotic  factors  are  involved  in  determining  what  persists.  Carissa, 
Dodonaea  and  Rhus  parvijlora  scrub  may  be  mentioned  as  examples. 

DSz.  Subtropical  Euphorbia  scrub 

Euphorbia  royleana  forms  consociations  sometimes  of  considerable  extent.  Their  dis¬ 
tribution  is  related  to  edaphic  factors,  notably  dry  rocky  ridges,  but  under  biotic  pressure 
they  extend  and  become  denser  and  purer  owing  to  the  elimination  of  less  resistant  species. 

ILLUSTR.4TION.— Plate  72. 

C2.  Assam  subtropical  pine  forest 


NOMENCLATURE.— 

General  .  •  •  Steppe  forest  (P.  khasya).  SCHWEINFURTH. 

description. — Very  similar  to  the  Himalayan  pine  forests,  the  occuirenc 
fire  reacting  in  a  similar  way  on  the  vegetation. 

DISTRIBUTION. — Forests  of  Pinus  insularis  (khasya)  are  found  in  the  Khasi  ^nd 
Naga  hills,  and  in  Manipur. 

T  OCALITY  FACTORS.— The  type  occurs  between  800  and  1,600  m. 

though  near  Shillong  a  reddish  clay  carries  good  pme  woods. 
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ILLUSTRATION.— Plate  73. 

FLORISTICS.— 

(i)  Khasi  Hills,  Assam.— 

1.  Pinus  insularis*. 

11.  Qjiercus  griffithii,  (1.  fenestrata,  Acer  oblongum.  Magnolia  campbdltt,  Lindera  lati- 
folia,  Prunus  acuminata,  P.  nepalensis,  Schima  wallichii,  Myrica  sapida,  Rhus  succe- 
danea,  R.  griffithii,  R.  semialata,  Docynia  indica,  Lyonia  ovalifoha. 

III.  Rubus  lasiocarpus,  R.  rubra,  R:  paniculatus,  R.  moluccanus.  Viburnum  foetidum,  V. 
coriaceum,  Myrsine  semiserrata,  Osbeckia  crinita,  Desmodium  spp. 

Note. — \I  iny  genera  and  species  are  the  same  as  found  in  the  Pinus  roxburghii  forests, 
but  the  general  facies  is  more  mesophytic.  Betula  alnoides  forms  consociations  of  con¬ 
siderable  extent.  (BOR). 


(ii)  Manipur.  (DEB)  (NOT  SEEN)— 

I,  Pinus  insularis*. 

II.  Qjiercus  griffithii,  Quercus  serrata,  Quercus  spp.,  Castanopsis  spp.,  Betula  alnoides, 
Acer  oblongum,  Schima  wallichii,  Rhus  spp.,  Salix  tetrasperma,  Engelhardtia  spicata, 
Lyonia  ovalifolia.  Rhododendron  arboreum. 

III.  Eurya,  Pittosporum,  Photinia,  Myrsine,  Viburnum,  Rubus,  Indigofera,  etc. 

IVb.  Agrostis,  Brachypodium  sylvaticum,  etc. 

V.  Rosa  assamensis,  Cissus,  Piper,  etc. 

Note. — DEB  describes  these  forests  as  the  climax  unit  of  his  montane  subtropical 
Pinis  Qjurcus  formation  though  mentioning  that  it  is  greatly  affected  by  anthropogenic 
influences. 


DSi.  Assam  subtropical  pine  savannah 

The  p;ne  occurs  as  scattered  trees  over  grass,  obviously  as  a  result  of  biotic 
pressure. 


GROUP  lo.  SUBTROPICAL  DRY  EVERGREEN  FORESTS 

I.  NOMENCLATURE 


General 

Jammu 

Punjab 


.  Subtropical  evergreen  dry  broadleav'ed  forest  (SGH 
WEINFURTH). 

.  Subtropical  broadleaved  forest. 

Olive  forest. 

Acacia  modesta  (^phulai)  forest. 


2.  GENERAL  DESCRIPTION 

thornVsT3eck^''lhflattrr"be  ""^^H-leaved  evergreen  trees  and  shrubs  including 

tinn  T’  more  prevalent  on  hot  dry  exposures  and  form  a  transi 

rei;rro7hr a  monrn 
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3.  DISTRIBUTION 

The  Bhabir,  the  Siwalik  hills  and  the  foothills  of  the  Western  Himalayas,  extending 
up  the  main  valleys  to  about  1,000  m. 

4.  LOCALITY  FACTORS 

The  climate  of  Hoshiarpur  (Punjab)  at  322  m.  and  Mirpur  (Jammu)  at  366  m.  may 
be  taken  as  lepresentative.  It  is  characterised  by  a  long  hot  and  very  dry  season  and  a 
cold  winter  with  occasional  frost. 

Rainfall. — The  annual  precipitation  rarely  exceeds  1,000  mm.  but  is  usually  over 
500  mm.  occurring  mostly  in  July-August  but  with  a  fair  proportion  of  winter  rains. 

Soil  and  Topography.— On  hilly  ground,  mostly  on  sedimentary  rocks,  sandstone, 
shales,  marls  and  limestone.  The  soil  is  usually  shallow  and  dry.  From  300  m.  up 
to  as  much  as  1,500  m. 

5.  SUBDIVISIONS 

The  following  types  are  described  : 

Cl.  Subtropical  dry  evergreen  forest. 

>  DSi.  Dodonaea  scrub. 

Gi.  Subtropical  dry  evergreen  forest 

SUBDIVISIONS— 

Two  subtypes  are  distinguished. 

I  a.  Olea  cuspidata  scrub  forest, 
lb.  Acacia  modesta  scrub  forest. 

I  a.  Olea  cuspidata  scrub  forest 

Detailed  descriptions  are  not  available  but  in  Hoshiarpur  (Punjab),  Himachal  Pra¬ 
desh  and  in  Tons  (U.  P.)  OUa  cuspidata  is  distributed  mainly  on  the  flatter  alluvial 
ground  of  the  wider  valleys  where  it  has  mostly  been  cleared  for  cultivation.  COVENTRY 
(1929)  considers  the  olive,  which  also  extends  a  long  way  up  the  bigger  valleys,  e.g.  the 
Beas,  to  represent  the  climax  type,  but  it  may  not  be  able  to  establish  itself  on  the  drier 
sites.  There  is  also  a  considerable  overlap  with  the  Siwalik  chir  pine.  Punica  granalum 

is  locally  abundant. 

lb.  Acacia  modesta  scrub  forest 

Acacia  modesta  characterises  the  mixed  scrub  of  the  hill  sides,  typically  without  Olea. 

Acacia  modesta  colonises  denuded  hill  sides  if  adequate  protection  is  afforded. 

ILLUSTRATION.— Plate  74. 
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Dsi.  Dodonaea  scrub 

Dodonaea  viscosa  may  dominate  over  large  areas  and  may  be  viewed  as  both  a  degrada¬ 
tion  stage  and  as  a  coloniser.  MOHAN  (1955)  has  listed  the  associated  grasses,  viz. 
Cinchru!  ciliaris,  Chrysopogon  fulvus,  Eulaliopsis  binata,  Heteropogon  contortus  and  Themeda 
anathera. 

FLORISTIGS.— 

Kala  Chitta  hills. — (KITCHINGMAN,  etc.). 

I.  Olea  cuspidata*.  Acacia  modesta*,  Pistacia  integerrima  (o). 

II.  Alonotheca  baxifolia,  Gymnospovia  royleana,  Dodonaea  viscosa*,  Carissa  opaca, 
Adhatoda  vasica. 

Note. — The  forests  are  very  much  affected  by  grazing  and  lopping  and  considerable 
areas  have  been  coppiced.  Protection  results  in  a  pronounced  closing  up  of  the  cover. 

There  is  a  fairly  marked  resemblance  to  the  dry  evergreen  types  of  the  Mediterranean 
area. 

The  status  Punica  may  be  questioned  but  even  if  only  a  naturalized  introduction 
it  is  often  abundant  and  conspicuous  in^ttiis  type. 
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CHAPTER  IX 

MONTANE  WET  TEMPERATE  FORESTS 
GROUP  II.  MONTANE  WET  TEMPERATE  FORESTS 
Sub-group  xiA  (Type  Gx).  Southern  Montane  Wet 

Temperate  Forests 

I.  NOMENCLATURE 

Madras'!  ....  Hill  shola  forests. 
Kerala  J 

2.  GENERAL  DESCRIPTION 


A  dosed  evergreen  forest,  the  trees  being  mostly  short-boled  and  branchy  though 
often  attaining  a  considerable  girth.  The  height  of  the  forest  is  relatively  low,  rarely 
exceeding  6  m.  The  crowns  are  usually  very  dense  and  rounded  with  entire  coriaceous 
leaves  which  tend  to  be  red  to  a  varying  degree  when  young,  giving  a  range  of  colours 
which  is  one  of  the  most  conspicuous  features  of  the  type.  The  branches  arc  clothed  with 
m 3SSCS,  ferns  and  other  epiphytes,  and  woody  climbers  are  common.  There  is  no  marked 
diffirentiation  of  canopy  layers,  but  a  continuous  series  from  under-shrubs  and  shrubs 
to  the  large  trees.  There  is  a  considerable  admixture  of  species,  pure  crops  of  even  mo¬ 
derate  extent  being  absent.  The  transition  to  the  subtropical  forest  below,  is  usually 

ill-defined. 

The  forest  is  usually  found  in  patches  (sholas)  in  the  more  sheltered  sites  on  rolling 
‘  grassland  the  origin  of  which  is  discussed  below. 

3.  DISTRIBUTION 


The  higher  hills  of  Madras  and  Kerala  on  the  Nilgiri,  Anamalai,  Palni  and  Tirunel- 
veil  hills  horn  about  1,500  m.  upwards.  (Very  similar  forest  is  met  with  in  the  higher 
parts  of  Ceylon,  where  it  has  been  less  altered  by  biotic  influences.) 

4.  LOCALITY  FACTORS 

The  climate  in  this  type  is  perhaps  the  most  equable  experienced  in  India  and  is 
hv  the  montane  situation  well  within  the  tropics  combined  with  a  well  dis- 
'"k  1  Trfinfall  fr^rboth  monsoons.  Actually  conditions  vary  considerably  parti- 
Tularly  with  reglrd  to  the  total  rainfall  and  its  detailed  seasonal  distribution.  February 

is  typically  the  driest  month. 

^  «  —Data  are  given  below  for  Ootacamund  and  Kodaikanal  at  about  2,300 

•  oart  ofthe  type  and  for  Wellington  at  about  n.ooo  m.  It  may  be  noted 

T’,"'  A  the'  aLe  mean  temperature  for  the  year  at  Ranikhet  in  the  W.  Himalaya, 
that  with  the  sam  i^twcen  the  mean  highest  and  lowest  temperatures  ofthe  year 

foTwrilingL  a,  compared  with  t3"a  for  Ranikhet;  the 
‘:elUUu.mamdC  Ute'range  ofthe  monthly  mean,  wh.ch  ..  .3  C  to  .9  C  and  8  C  to 

j|a"C  respectively. 
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Plate  75 


SOUTHERN  MONTANE  WET  TEMPERATE  FOREST 

7FRI&C/64]  Shola,  Ootacamund,  Madras.  * 

H.  G.  Chamf)i( 


t;  V 

.*V 
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Temperature  (centigrade) 

Southern  Montane  Wet  Temperate  Forests 
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Madras 

OOTACAMUND 

Madras 

COONOOR 

Madras 

KODAIKANAL 

Month 

2,245  m. 

1,749  ra. 

2,343  »»• 

Mean 

Mean 

max. 

Mean 

mtn. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

January 

ia-5 

i8-8 

6-6 

'3-7 

19-0 

8*3 

12*4 

i6*8 

8*1 

February  . 

13-2 

19-7 

6-6 

153 

21  'O 

9*5 

132 

17-8 

8*6 

March 

15-0 

21*1 

8-8 

170 

22-7 

11*3 

14*6 

19*0 

10*1 

April 

'5-7 

21-9 

9-5 

i8-7 

23.7 

«3*7 

159 

20*2 

11*7 

May  .  . 

i6’4 

21*3 

II-4 

19-8 

24-6 

15*0 

i6*4 

20*  I 

12*6 

June 

14*6 

17-8 

•>■3 

i8-8 

22-6 

»5i 

>4-9 

l8*I 

11*8 

July 

139 

■  6*6 

11*2 

18-3 

21*6 

'5-« 

14*0 

i6*8 

11*2 

August 

I4-I 

I7-I 

Il'I 

i8-o 

21*6 

>4-3 

14*1 

17*1 

ii*i 

September  . 

«4-3 

i8-i 

IO-6 

176 

21*7 

«3-5 

14*1 

17*1 

1 1  *1 

October 

14-2 

i8-i 

10-3 

17-2 

20*9 

'3-4 

*3-7 

i6*7 

10*7 

November  . 

13-3 

176 

8-9 

15-7 

«9-4 

11*8 

12*9 

i6*i 

9-7 

December  . 

12-7 

183 

6-6 

14*1 

cb 

9*6 

12*3 

i6*5 

8*4 

M.  A.  T.  . 

142 

•• 

•• 

17-0 

•• 

14*0 

.  « 

•  • 

Annual  mean 

maximum 

i8-9 

•  • 

.  . 

21-4 

•  • 

•  • 

>7-7 

•  • 

Highest  record  . 

a6- 1 

•• 

•• 

29-4 

27*8 

•  • 

•  • 

Annual  mean 
nimum  . 

mi- 

9-4 

<  . 

.  • 

ia'6 

•  • 

•  • 

10*4 

.  . 

.  • 

Lowest  record  . 

1-7 

•• 

•• 

2-2 

2*8 

.  • 

.  . 

No.  of  years 

40 

•• 

•• 

10  1 

..  1 

•  • 

50  1 

•  . 

,  * 

Rainfall.— From  i  ,500  mm.  upto  6,250  mm.  or  even  more.  The  S.W.  monsoon  gives 
rain  from  April  onwards  with  a  maximum  in  June-July.  This  is  followed  by  a  drier 
August/September  and  then  the  N.  E.  monsoon  sets  in  giving  a  second  maximum  in 
October.  December  to  March  is  the  driest  period  when  there  may  be  less  than  50  mm. 

per  month.  The  relative  imnortance  of  the  two  monsoons  depends  on  situation  and 
exposure. 
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Rainfall  {millimetres) 

Southern  Montane  Wet  Temperate  Forests 


Month 

Madras 

OOTACA- 

MUND 

Madras 

WELLING¬ 

TON 

Madras 

COONOOR 

Madras 

KODAI- 

KANAL 

2,245  tu- 

1,829  lu. 

1,749  m- 

2,343  m- 

January  . 

24 

35 

63 

81 

February 

13 

38 

73 

39 

March  . 

27 

56 

82 

46 

April  . 

83 

90 

149 

122 

May 

>55 

97 

106 

162 

June 

162 

83 

7* 

108 

July  . 

192 

94 

66 

ii8 

August  . 

138 

104 

127 

178 

September 

130 

«52 

90 

195 

October 

204 

284 

257 

260 

November 

130 

177 

285 

259 

December 

47 

102 

142 

i3« 

Total  for  year  (M.  A.  R.) 

1,303 

1,312 

i,5>2 

1,689 

Number  of  rainy  days 

99 

88 

85 

107 

Number  of  months  with  less  than  50 

mm. 

4 

2 

0 

2 

M.  A.  Humidity 

74 

? 

69 

76 

No.  of  years 

. 

• 

55 

30 

10 

40 

Soil  ani  n««^V.-Th=  underlying 

■  Tumu"  Vn^otwrar" rheTr.  sLs.  a"  gular  pea,  is  fonned.  When  .he 
fot;  covTls  — !  .his  rich  black  soil  is  liable  .o  be  rapid, y  eroded  r...h  a  nrarked 

rarely  met  with  elsewhere  in  India  (Khasi  niiis;. 
occupy  the  sheltered  folds  in  the  hills. 

l^nd.— Exposure  is  an  impor.an.  fac.or  jfees  and  .he  appea- 

evergreen  fores.s  and  i.s  effecs  arc  very  obv.ous  m  .he  forn, 
ranee  of  the  windward  edge  of  the  sholas. 
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Fire  and  Grazing.— the  dry  season  in  February-March  the  grasslands  get  dry  and 
inflammable  and  the  greater  part  of  them  is  burnt  annually.  This  has  happened  as 
far  back  as  we  have  any  information  and  has  unquestionably  exerted  a  very  great  in¬ 
fluence  on  the  present  distribution  of  the  very  fire  tender  evergreen  forest.  Burning  com¬ 
pletely  stops  regeneration  of  practically  every  tree  species  except  Rhododendron  and  every 
fire  eats  in  a  little  all  along  the  periphery  of  the  sholas.  Nomadic  graziers  have  occupied 
the  plateaux  for  a  very  long  time  and  have  burnt  the  grass  for  the  sake  of  the  early  flush 
of  new  growth  that  follows  a  fire,  and  it  is  unquestionable  that  the  forest  now  occupies  a 
far  smaller  proportion  of  the  area  than  it  once  did. 


5.  FLORISTICS 

The  fljra  is  a  varied  one  including  elements  or  both  tropical  and  temperate  origin; 
Ternstroemiaceae  are  well  represented  and  Eugenias  are  important  together  with  Meliosma, 
Eurya,  Symplocos  and  Lauraceae.  Magnoliaceae  are  represented  by  Michelia  and  with  it 
are  found  such  genera  as  Ilex  and  Euonymus.  Rhododendron  nilagiricum  is  as  common  and 
conspicuous  as  in  the  Himalayas  and  the  Ericaceae  are  represented  by  Gaultheria  and 
Vaccinium. 


ILLUSTRATION.— Plate  75. 

(i)  Sholas  near  Ootacamund,  Nilgiri  Hills,  Madras. — 


1. 


II. 

III. 

IVa. 

V. 


Ternstroemia  gymnanthera* ,  Eugenia  calophyllifolia,  E.  arnotliana,  E.  montana 
Michelia  nilagirica,  Gordonia  obtusa,  Xantolis  tomentosa  {=Sideroxylon  tomeniosum), 
Ilex  wightiana,  Meliosma  wightii,  Elaeocarpus  spp.,  Pholinia  montana,  Cinnamomutn 
wightii,  Litsea  wightiana.  Rhododendron  nilagiricum*,  Euonymaus  crenulatus,  Glo- 
chidion  neilgherrense,  Symplocos  lamina  etc. 


Turpiniacochinchinensis,  Rhamnus  wightii.  Viburnum  erubescens  etc.,  Ligustrum  spp. 

Gvmsria  fragrantissima,  Psychotria  congesta,  Vaccinium  leschenaultii,  Mahonia 
leschenaultii  (nepalensis) ,  Strobilanthes  spp. 

Impatiens  spp. 


Rosa  leschenaultiana.  Clematis  wightiana,  Rubus 
latifolia,  Toddalia  asiatica. 


spp.,  Schefflera  spp.,  Elaeagnus 


of  .h.  be  ™ade  .ae  coo„e  oftriasSct^ 


in 

on 


grasrtand.  RANGANATHAN  (,938)  waLf  opW™  AaT't' of  «he 

t  yjo;  was  01  opinion  that  it  is  a  climatic  climax  equally 
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with  the  skola  forest.  Whilst  tree  growth  may  have  been  inhibited  locally  by  frost, 
particularly  in  depressions  where  excessively  swampy  conditions  may  also  prevail,  we 
are  of  opinion  that  these  adverse  conditions  have  mainly  been  brought  about  by  forest 
destruction,  by  clearing,  fire  and  grazing,  through  the  centuries.  The  grassland  is  ac¬ 
cordingly  here  viewed  as  a  stable  degradation  stage  though  possible  edaphic  or  physio¬ 
graphic  climax  status  might  be  accorded  over  restricted  areas.  Exposure  to  wind  exerts 
an  influential  check  on  tree  growth  and  renders  large  clearings  slow  to  recover  though 
burning  is  the  primary  inhibitory  factor.  Grasses  occupy  all  clearings  and  periodic 
fires  extend  every  grass  patch  eating  away  the  forest  till  it  is  restricted  to  the  damper 
sites.  Introduced  plants  such  as  Ulex  and  Sarothamnus  have  occupied  a  lot  of  the  ground 
lost  to  the  forest  apart  from  the  planted  Eucalyptus  and  Acacias,  whilst  the  Nilgiri  weed, 
Eupatorium  riparium,  appears  to  be  checking  the  spread  of  fire  into  the  sholas  by  forming 
a  dense  green  belt  along  their  edges.  Rhododendron  nilagiricum  is  practically  the  only  tree 
which  can  persist  in  and  colonise  the  burnt  grasslands,  and  patches  of  Gaultheria  are 
also  characteristic.  Locally  Rhodomyrtus,  Hypericum  mysorense,  Dodonaca  viscosa,  varitus 
Melastomaceae  and  Rubus  spp.  form  shrub  communities  the  origin  and  development  of 
which  also  need  study. 

DEGRADATION  STAGES  OF  SOUTHERN  WET  TEMPERATE  FORESTS 
DSi.  Southern  montane  wet  scrub 

DESCRIPTION — Low  evergreen  scrub  of  varying  density  often  with  bracken  fern 
and  seedlings  or  stunted  growth  of  shola  species,  notably  Rhododendron  and  Eugenia  arnoi- 

tiana. 

DISTRIBUTION. — Considerable  areas  on  the  downs  occupying  sites  where  shola 
forest  probably  existed  earlier.  A  depauperated  form  also  occurs  on  shallow  rocky  soils. 

ILLUSTRATION.— Plate  76. 

FLORISTICS.— 

Rhodomyrtus  (a),  Hypericum  mysorense  (a),  Dodonaea  viscosa  (la),  Mahonia  leschenaultii, 
Berberis  tinctoria,  Rubus  spp.,  Strobilanthes  spp.,  and  Pteridium  aquilinum. 

ECOLOGICAL  STATUS.— There  is  every  indication  that  most  of  this  scrub  would 
with  protection  gradually  progress  to  the  shola  climax. 

DS2.  Southern  montane  wet  grassland 

distribution.— Over  large  areas  on  the  rolling  downland,  e.g.  Wcnlock 

Downs.  u-  .  . 

T  or  AT  TTY  FACTORS.— The  highest  parts  and  many  depressions  are  subject  to 

annutPfrost  Grazing  is  moderate  to  heavy.  Fires  are  frequent  though  less  common 
in  parts  as  on  the  Wenlock  Downs. 

ILLUSTRATION.— Plate 
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SOUTHERN  MONTANE  WET  SCRUB 

Mainly  Rhododendron  nilagiricum  over  denuded  wasteland.  Nilgiris,  Madras.  A.  F.  Minchin 
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FLORISTICS (RANGANATHAN) 

I.  &  11.  Nil. 

IVb.  Bothriochloa  pertusa,  Ischaemum  pilosum,  Themeda  cymbaria,  T .  trtandra, 

Cymbopogon  polyneuros,  Eragrostis  nigra,  Tripogon  bromoides. 

ECOLOGICAL  STATUS.— Though  some  writers  have  viewed  this  as  climatic 
climax  grassland,  it  is  here  considered  as  the  ultimate  degradation  stage,  stable  under 
the  current  grazing  and  burning. 


Sub-group  iiB.  Northern  Montane  Wet  Temperate  Forests 

1.  NOMENCLATURE 


General  .... 

.  Tropical  evergreen  wet  forest, 

FURTH). 

upper  Zone  (SCHWEIN- 

Bengal  .... 

.  Upper  Hill  forests  (part). 

Middle  Hill  forests  (part.). 

Upper  Hill  Zone  (except  top)* 

(COWAN). 

Assam  .... 

•  Hill  forests  (part). 

2.  GENERAL  DESCRIPTION 

Closed  evergreen  high  forest  of  trees  of  large  girth  but  medium  height,  rarely  over 
25  m.  and  usually  with  large  branching  crowns  festooned  with  mosses,  ferns,  aroids  and 
other  epiphytes.  Deciduous  species  occur  particularly  at  the  higher  altitudes  but  form 
a  relatively  small  proportion  of  the  crop.  Although  the  forest  is  essentially  a  mixed  one 
there  is  a  marked  tendency  for  a  few  species  to  predominate  strongly,  notably  the  oaks 
and  Lauraceae.  There  is  typically  an  evergreen  underwood  at  least  wherever  the  top 
canopy  is  not  too  dense.  At  the  high  elevations,  a  dwarf  bamboo  undergrowth  is  very 
generally  developed  and  may  be  very  dense  and  uniform  over  large  areas.  Climbers 
occur  and  include  some  large  woody  forms  but  are  not  generally  conspicuous. 

At  the  higher  elevations,  consociations  of  silver  Hr  may  be  met  with  but  arc  best  coii- 
sidered  with  the  next  type,  developed  under  a  rather  less  wet  climate.  -  -  - 


3.  DISTRIBUTION 


f  fro™  E.  Nepal  eastwards  on  the  higher  hills 


4.  t-tJUALM  Y  FACTORS 
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Temperature  {centigrade) 
Northern  Montane  Wet  Temperate  Forests 


Month 

Bengal 

DARJEELING 
2,265  m. 

Bene;al 

KURSEONG 
1,494  m- 

Assam 

SHILLONG 

1,500  m. 

Naga  Hills 
KOHIMA 

1,463  m. 

Vlean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean] 

max. 

Mean 

min. 

January  . 

February 

March 

April 

May 

June 

July 

August  . 

September 

October  . 

November 

December 

5-> 

5- 7 

9- 6 

12  -8 

14- 3 

15- 9 

16  -6 

16- 5 

15-7 

13-3 

10- 2 

6- 4 

8-3 

8-8 

130 

16  -2 

17*2 

i8-3 

i8-7 

i8-7 

181 

16-5 

131 

10-3 

1  -9 

2  -6 

61 

9- 3 

II-3 

13- 6 

14- 4 

14-3 

«3-3 

10- l 

6-2 

2  -6 

101 

12-2 

15-6 

17-8 

19- 4 

20  -0 

20- 6 

20-6 

20-6 

18-3 

150 

12-2 

13- 3 

14- 4 

19-4 

21-7 

22  -8 

22  -8 

23-3 

22  -8 

23-3 

21-7 

18-9 

16  •  I 

7-2 

7- 8 

II-7 

14- 4 

16- i 

.7-8 

18-3 

i8-3 

17- 8 

15- 6 

II  -7 

8- 9 

9- 7 

11- 4 

15-9 

18- 7 

19- 2 

20  4 

21  -1 

20- 9 

20  0 

17-2 

12- 5 

10- 4 

15- 6 

16- 9 

21  -3 

234 

233 

236 

24-1 

23 -9 

23 -5 

21  '7 

i8-9 

i6'4 

38 

5- 8 

10-4 

i3'9 

i5« 

17-2 

181 

17-8 

16-4 

12-7 

6- 1 

4-4 

”•5 

13-5 

181 

19- 3 

20- 9 

21  4 

21  -I 

20  9 

21  -3 

19-7 

16  '4 

u  -5 

14-9 

171 

22-2 

23  I 

23 -8 

241 

23 -5 

23 -5 

240 

22-5 

I9'4 

14-7 

81 

9-9 

14- 0 

15- 4 

i8'i 

18-7 

18  6 

18-3 

i8-5 

16- 9 

«3-3 

8-3 

M.  A.  T. 

1 1 -8 

,  , 

.  . 

i6'7 

16-5 

18  -0 

•  • 

•  • 

Annual  mean 
maximum 

14-7 

20  0 

.  • 

21  -I 

•  • 

21  I 

Highest  record 

27-1 

7 

.  • 

32-2 

? 

•  • 

Annual  mean 
minimum 

8-8 

13-8 

,  , 

.  • 

II-9 

14-9 

_ 

Lowest  record  . 

—5-0 

,  , 

? 

—2-8 

•  • 

•  * 

— 

No.  of  years 

60 

? 

? 

•  * 

•  • 

60 

— 

«..VaH.-The  type  occurs  with  a 

often  a  great  deal  more.  The  win  er  mon  April.  The  monsoon  reaches 

with  less  than  6o  mm.  monthly  but  good  s  owe  faP  is  750  mm.  or  more, 

it,  climax  in  July  when  rain  falls  almost  datly  and  ”0"<Uy  < 

August  being  nearly  equally  wet.  Dense  in  India, 

the  monsoon  months  making  them  among  the  darkest  ana  g 


Sub-group  iiB 
Rainfall  {millimetres) 

Northern  Montane  Wet  Temperate  Forests 
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Month 

Bengal 

DARJEE¬ 

LING 

2,265  m. 

- •- - 

Bengal 

KUR- 

SEONG 

1,494  m. 

Assam 

SHIL¬ 

LONG 

1,500  m. 

Naga 

Hills 

KOHI- 

MA 

1,463  m. 

January  ........ 

14 

17 

>3 

«3 

February  ........ 

29 

28 

27 

32 

March  ........ 

44 

4* 

50 

56 

April  ........ 

104 

100 

130 

97 

May  ........ 

215 

295 

287 

178 

June . 

588 

807 

461 

321 

July . 

797 

1,072 

347 

407 

August  ........ 

638 

874 

3»7 

403 

September.  ....... 

446 

625 

300 

251 

October  ........ 

130 

126 

>71 

107 

November  ....... 

22 

14 

4> 

3t 

December  ....... 

7 

9 

7 

8 

Total  for  year  (M.A.R.)  ..... 

3.034 

4,044 

2,150 

1,904 

Number  of  rainy  days  ..... 

123 

132 

122 

122 

Number  of  months  with  less  than  50  mm. 

5 

5 

4 

4 

M.  A.  Humidity  ..... 

83 

.  • 

75 

No.  of  years  .... 

59 

58 

35 

62 

Soil  and  Topography 
loam  soils  usually  rich 


—In  Sikkim  most  of  the  type  occu 
in  dark  humus  in  the  upper  layers. 


on  gneissic  rock  with  sandy 


The  ground  is  entirely  hilly  and  usually  steep. 

varying  » f  this  zone  have  suffered  lo  a  very 

pusLd  took  akna  cultivation  and  the  forest  has  been 

a77edr  ®  ^  periphery  of  permanent  settlement.  It  has  been  considerahiv 

kes  hit  d”l  rgreTie"  I'f 'tt  f  “'7'“’“' 

Sion  of  potato  cultivation  1  replacing  it  by  pure  bamboo.  The  exten- 

tions  involving  clearfeir  IT  h  ^  "^uch  destruction  of  forest.  Forestry  opera- 

nvolving  clearfelhng  and  replanting  have  covered  most  of  this  type  near  Darjeeling. 
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5.  GENERAL  FLORISTIGS 

The  prevalence  of  oaks  and  chestnuts  characterise  these  forests  particularly  at  the 
higher  altitudes,  whilst  the  laurels  arc  equally  abundant  and  actually  predominate  over 
the  oaks  at  the  lower  levels.  Magnoliaceae  are  represented  throughout  the  type  but 
though  conspicuous  when  in  flower,  do  not  ordinarily  contribute  greatly  to  the  canopy, 
Engelhardtia  and  Schima  extend  fairly  freely  up  from  the  lower  forests  and  Rhododendron 
down  from  the  sub-alpine  forests  above.  Acer,  Prunus,  Ulmus  and  other  deciduous  genera 
of  P^lftc^rctic  distribution  are  also  a  feature.  The  Ericaceae  arc  represented  by  Vaccininum 
and  other  genera,  and  Araliaceae  frequently  occur;  Symingtonia  {=‘Bucklandia)  may  also  be 
mentioned. 

6.  SUB-DIVISIONS 

The  Darjeeling/Sikkim  occurrence  is  well  known  and  can  be  divided  into  three 
altitudinal  zones  as  described  below. 

Along  the  Assam/Burma  border  the  oak  forests  extend  to  lower  altitudes  than  in  the 
Himalayas  and  as  in  the  south  of  India  there  seems  to  be  no  marked  differentiation  bet¬ 
ween  the  sub-tropical  and  temperate  vegetation,  oaks  and  Magnoliaceae  being  characte¬ 
ristic  from  the  tropical  associations  at  about  1,000  m.  to  the  Rhododendron  forests  at  about 
2,750  m.  If  the  Himalayan  floristic  element  were  omitted,  it  would  be  difficult  to 
differentiate  a  subtropical  zone  at  all,  and  we  should  only  have  the  tropical  forests  of  the 
lower  levels  predominating  upto  say  i  ,000  m.  with  the  temperate  above  and  a  vertical 
overlap  of  300  m.  or  more  ;  Dipterocarps  would  be  taken  as  characterising  the  former 
and  oaks  the  latter. 

The  following  types  are  described  : 

Ci.  East  Himalayan  wet  temperate  forests. 

la.  Lauraceous  forest. 

lb.  Buk  oak  forest. 

lc.  High-level  oak  forest. 

Ca.  Naga  Hills  wet  temperate  forest. 

Gi.  East  Himalayan  wet  temperate  forests 

nomenclature.— 

Quercus-Michelia-Acer-hylium  of  Aka  Hills  (BOR). 

Quercus- Magnolia- Acer-hylium  of  Manipur  (DEB). 

description. — As  for  the  sub-group  iiB  given  above. 

DISTRIBUTION. — Outer  Himalayan  ranges  in  (W.  Nepal),  Bengal,  Sikkim  (Bhu¬ 
tan)  and  Assam  between  1,750  2,750  m.  and  at  the  upper  levels  of  the  Manipur 

and  Naga  Hills. 


■  '  '  asaM  '--l-ia  SuiiaaUea  ‘iq-eg  a»oqv 

ujMOis!apun  uaaaliaAa  q,.M  pooMjapun  aasln  'sni-q^W  ‘r-o^PuV-'P<“l>l  ^oao/<)u,Xs  Jf 

aaAo  t=p,om‘n  puE  as/aaxa  p/;a,a,w  ■!llP<l<i‘^0P  ■«“’"!!  5  “^■'“0 

Kq»n-l  '>IVO  3NV1NON  Ny3HiyON 
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LOCALITY  FACTORS, — As  given  for  the  subgroup  above,  Darjeeling  being  re¬ 
presentative.  Three  altitudinal  zones  may  be  distinguished  characterized  by  the  pre¬ 
dominance  of  Lauraceae,  Quercus  lamellosa  and  Q,.  pachyphylla  respectively,  occupying 
very  roughly  the  zones  1,800—2,100  m.,  2,100— 2,400  m.,  and  2,400—2,750  though 
freely  overlapping  with  variation  in  topography  and  exposure. 

ILLUSTRATION.— Plate  78. 

FLORISTICS. — (Percentages  refer  to  total  number  of  trees  over  3'  girth  at  breast 
height). 


Cia.  Lauraceous  forest 

(i)  Kalimpong  Divison,  West  Bengal.  1,800—2,100  m.  {Machilus-Michelta  hylium  of 

COWAN).— 

I.  Machilus  edulis*  (12%),  Alcimandra  {Michelia)  cathcartii  (8%),  Beilschmiedia  spp. 
(5%),  Cinnamomum  obtusifolium  {2%),  Litsea  spp.  (ii%),  Machilus  sp.  (1^%), 
Magnolia  campbellii  (2%),  Engelhardtia  spicata  (7%),  Schima  wallichii  (5%), 
Castanopsis  tribuloides  (3%),  Lithocarpus  spicatus  (2%),  Prunus  nepalensis  (2%) , 
Mallotus  nepalensis  (2^%),  Betula  alnoides  (2^%),  Aar  laevigatum  (1%),  A.  camp¬ 
bellii  (1%), 

II.  Eurya  acuminata,  Symplocos  theaefolia,  Araliaceae,  Ilex  spp.,  Turpinia  cochinchinen- 
sis,  Mahonia  spp. 

(ii)  Kalimpong  Division,  West  Bengal.  2,100  to  2,400  m.  (COWAN). — 

I.  Alcimandra  cathcartii  (17%),  Magnolia  campbellii  {2%),  Machilus  edulis 

Litsea  (7^%),  Beilschmiedia  (2^%),  Machilus  (2^%),  Cinnamomum  (1%), 
Quercus  fenestrata  (7%),  Castanopsis  (7%),  Araliaceae  (4%),  Symplocos  (4%), 
Prunus  nepalensis  (3^%),  etc. 

Gib.  BUK  Oak  forest 

(i)  Kalimpong  Division^  West  Bengal.  2,150  to  2,440  m.  {QjierCus  hylium  of 
COWAN).— 

I.  Quercus  lamellosa*  (12^%),  Castanopsis  tribuloides  (3%),  Acer  campbellii  (5^%), 
Michelia  doltsopa  (4%)>  Alcimandra  cathcartii  (1%),  Sloanea  dasycarpa  (i%). 

II.  Machilus  spp.  (21^%),  Litsea  spp.  (16%). 

I  la.  Arundinaria  spp. 

III.  Rubus  spp.,  Strobilanthes  spp. 

Note.— The  oaks  contribute  the  greater  part  of  the  large  trees  of  the  top  canopy 
the  Lauraceae  being  relegated  to  the  second  storey  though  numerically  predominant.  ’ 
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BOR  describes  very  similar  forest  as  a  Quercus-Michelia-Acer-hylium  in  the  Aka  Hills 
with  rainfall  over  5,000  mm.  He  records  consociations  of  (f.  lamellosa,  Q,.  pachyphylla, 
Acer  campbellii  and  Michelia  {doltsopa)  as  occurring  within  the  type. 

DEB  also  records  very  similar  forest  in  Manipur  at  1,800 — 2,400  m.  with  a  rainfall 
of  about  3,500  mm.,  whilst  with  a  lower  rainfall  of  1,750  mm.  a  Quercus-hhododendron 
hylium  is  found  with  lower  height  and  poorer  flora  in  which  the  oaks  are  associated  mainly 
with  Rhododendron  arboreum  and  Lyonia  (Pieris) .  Both  types  have  been  much  disturbed  by 
human  agency. 


(ii)  Singalila  Range,  Preservation  Plots  9  and  10,  Darjeeling  Division,W.  Bengal.  2,150  to 
2,440  m. — 

I.  Quercus  lamellosa*,  (f.  lineata,  Michelia  doltsopa*,  Acer  campbellii*. 

II.  Symplocos  theaefolia,  Machilus  gammieana,  Betula  alnoides,  Carpinus  viminea. 

I  la.  Arundinaria  maling. 

III.  Daphne  cannabina.  Viburnum  spp. 

IVa.  Polygonum  sp.  and  many  ferns. 


Note. — These 
2,000  mm. 


plots  are  behind  the  main  range  where  the  rainfall  maybe  about 
Cic.  High  level  oak  forest 


Darjeeling  Division,  W.  Bengal.  2,440  to  2,750  m.  (GHAUDHURY).— 

I.  Quercus  pachyphylla*,  Q,.  lamellosa,  Castanopsis  tribuloides,  Acer  campbellii.  Magno¬ 
lia  campbellii. 

II.  Symplocos  theaefolia,  Taxus  baccata. 

I  la.  Arundinaria  spp. 

III.  Rubus,  Strobilanthes. 

General  Notes.— nepalensis  occurs  mainly  along  water  courses  and  is  also 
the  chief  colonist  on  new  landslips. 

Viburnum  erubescens  is  very  typical  of  waste  lands  in  this  zone. 


C2.  Naga  Hills  wet  temperate  forest 


DESCRIP'I'ION.— Apparently  generally  similar 
some  features  such  as  frequency  of  low  rounded  crowns 
the  southern  wet  temperate  forests. 


to  the  Himalayan  forest,  with 
and  short  boles  in  common  with 
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DISTRIBUTION. — Higher  hills  along  the  Assam/Burma  border  from  1,8  o  m  _ 
upwards. 

LOCALITY  FACTORS.— Hilly  country  on  gneissic  ranges,  usually  less  steep  than 
the  Himalayas  and  including  more  rounded  and  rolling  plateau  land  on  which  t  e 
forest  is  broken  up  by  grasslands  somewhat  similar  to  those  of  the  Nilgiris  in  South 
India.  The  rainfall  is  less  than  that  of  the  foregoing  type. 


FLORISTICS.— (TROUP). 

1.  Magnolia*,  Manglietia,  Michelia*,  Quercus*,  Acer,  Prunus,  Pyrus,  Symingtonia 
{Bucklandia)  populnea,  Alnus  nepalensis,  Betula  alnoides,  Carpinus  viminea  etc. 

lla.  Bamboo  in  the  east. 

HI.  Evergreen  shrubs. 

Note.— TROUP  gives  this  as  the  drier  type  of  hill  forest,  parallel  to  but  less  luxur¬ 
iant  than  the  wetter  type  already  described  as  a  subtropical  formation. 


CLARKE  on  floristic  grounds  describes  the  vegetation  at  the  higher  levels  in  the 
Naga  Hills  as  more  like  that  of  Sikkim  than  that  of  Khasi  Hills. 


GROUP  12.  HIMALAYAN  MOIST  TEMPERATE  FORESTS 


I.  NOMENCLATURE 

General  .... 

.  .  .  Temperate  oak  and  conifer  forest,  temperate  conifer 

forest  of  W.  Himalaya  and  tropical  evergreen  montane 
forest,  upperbelt.  (SCHWEINFURTH). 

Jammu  &  Kashmir  and  Punjab  . 

.  .  .  Temperate  broadleaved  and  coniferous  forests  (WORK¬ 

ING  PLANS). 

Himachal  Pradesh  . 

.  .  .  Moist  zone  forests  (excluding  chil  pine)  of  Sutlej  Valley 

(GORRIE). 

Temperate  zone  forests  (excluding  chil  pine). 

Uttar  Pradesh.  ... 

.  .  .  Broadleaved  sclerophyll  forests  (DUDGEON  and 

KENOYER).  Quercus-Abies  and  Quercus- Acer  associa¬ 
tions  (OSMASTON). 

Bengal  and  Assam  . 

.  •  .  Tsuga  Abies  association  (COWAN) . 

Hemlock  and  fir  forests  of  Upper  Hill  Forests 
(WORKING  PLANS). 

2.  GENERAL  DESCRIPTION 

The  chief  character  of  this  type  is  the  extensive  development  of  coniferous  forests 
though  conifers  also  pre-dominate  in  the  sub-tropical  pine  forests,  in  dry  temperate  forests, 
and  locally  in  the  sub-alpine  forests.  These  coniferous  forests  are  very  similar  to  those 
of  o^er  parts  of  the  North  temperate  zone  in  Europe  and  America.  The  number  of 
ominant  species  is  small,  in  fact  more  or  less  pure  crops  are  almost  more  frequent  than 
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mixed  ones,  the  species  found  being  dependent  mainly  on  altitude  and  aspect.  There 
is  relatively  little  admixture  with  broadleaved  trees  in  the  west,  but  the  evergreen  oaks, 
etc.,  become  increasingly  important  and  conspicuous  as  one  goes  eastwards.  The  coni¬ 
fers  generally  form  a  somewhat  open  forest  of  gocd  height  30  to  50  m.  (or  more)  with  a 
very  varying  amount  of  underwood  which  is  mostly  evergreen  usually  with  the  oaks 
strongly  predominating.  The  conifers  tend  to  avoid  hot  southern  exposures  being  there 
replaced  by  oak  forests.  RAIZADA  (1960)  has  recently  collected  records  of  the  distribu¬ 
tion  of  the  Himalayan  coniferous  species. 

The  oak  forests  are  usually  composed  mainly  of  single  species  depending  on  the  al¬ 
titude,  and  are  usually  of  low  height  (io-2om.)  with  widely  branching  crowns  and  poor 
boles  but  may  be  much  better  developed  on  good  soils  and  in  sheltered  sites  free  from 
loppiiig  et  . 

A  deciduous  shrubby  undergrowth  is  almost  a’ways  present,  its  luxuriance  being 
largely  determined  by  the  density  of  the  canopy  and  the  intensity  of  grazing.  Some 
evergreen  shrubs  such  as  Sarcococca,  Daphne,  and  Skimmia  are  also  met  with,  and  Strobi- 
lanthes  spp.  may  occur  gregariously  over  considerable  areas.  Climbers  of  temperate  genera 
such  as  Rosa,  Clematis,  Hedera  arc  frequent  but  unimportant.  Mosses  and  ferns  grow  freely 
on  the  branches  but  woody  epiphytes  are  few  compared  with  the  wet  temperate  forests 
of  the  E.  Himalayas.  Dwarf  bamboos  {Arundinaria  spp.)  form  extensive  brakes  in 
some  localities  but  are  often  absent.  The  whole  area  under  this  type  of  forest  is  subjected 
to  heavy  grazing  (chiefly  sheep  and  goats)  and  lopping  and  so  is  broken  up  by  grassy 
openings,  known  as  marg  (Kashmir),  thach  (Punjab)  or  bughial  (Garhwal).  On  pool 
sites  the  forest  is  often  reduced  to  a  broken  scrub.  A  rather  luxuriant  herbaceous  vege¬ 
tation  is  developed  during  the  summer  but  is  flattened  in  the  winter  by  rain  and  snow. 


3.  DISTRIBUTION 

This  formation  extends  along  the  whole  length  of  the  Himalayas  between  the  sub¬ 
tropical  pine  forests  and  the  sub-alpine  formation  with  a  rainfall  between  about  i,ooo 
and  about  2,500  mm.  The  course  of  the  isophyets  results  in  the  displacement  of  the 
formation  from  the  outer  ranges  at  the  eastern  end  of  the  range  by  the  wet  temperate 
forests  (without  couifers).  and  in  the  change  to  the  dry  “mperate  foresB  in  the 
inner  ranees.  These  types  are  thus  met  with  in  Kashmir,  Himachal  Pradesh,  Punjab, 
Uttar  Pradesh,  (Nepal),  Darjeeling  district  of  Bengal,  Sikkim  (and  Bhutan).  The 
altitudinal  range  is  from  about  1,500  m.  up  to  3,300  m.  the  limits  varying  with 
aspect  and  configuration. 


4.  LOCALITY  FACTORS 

Full  data  are  available  for  some  of  the  hill  stations  which  are  however  mostly  in  the 
outer  ranges  and  in  the  oak  rather  than  in  the  coniferous  forests. 
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Temperature. — Data  for  seven  stations  are  given,  but  none  of  these  is  in  the  heart  of 
the  moist  coniferous  forests.  Darjeeling  is  in  the  wet  temperate  forests  but  serves  to 
illustrate  the  conditions  prevailing  in  the  E.  Himalayas. 

Temperature  Data  (centigrade) 
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Temperatuie  Data — [contd.) 
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kainfall  and  Humidity.— Thvonghoxii  the  area,  the  precipitation  is  mainly  denved 
from  the  S.  W.  monsoon  and  falls  during  July  to  September.  In  the  N.  W.  an  appreciab  e 
proportion  however  is  brought  by  N.  W.  disturbances  during  the  winter  months  fading 
out  towards  the  east;  this  falls  largely  as  snow  and  is  undoubtedly  a  factor  of  impor¬ 
tance  in  determining  the  type  of  forest  met  with.  Thus  it  is  clear  that  the  occurrence  of 
deodar  forests  is  determined  by  a  not  too  heavy  monsoon  fall  and  a  good  winter 

snowfall.  In  the  east  the  heavy  monsoon  rainfall  appears  to  be  the  chief  reason  or  c 

absence  of  conifers  other  than  from  the  outer  hills.  Data  are  given  for  12 


stations. 


Rainfall  {millimetres) 
alayan  Moist  Temperate  Forests 
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Soils  and  Topography —The  forests  ct  ver  most  of  the  rock  formations  of  the  Hima¬ 
layas,  and  so  occur  chiefly  on  gneisses  and  schists  extending  over  quartzites,  granites, 
limestones,  conglomerates  and  shales.  The  soil  likewise  shows  a  wide  range  but 
loams  probably  predominate.  Typical  temperate  soil  profiles  are  built  up  and  acid 
humus  may  accumulate  to  considerable  depths,  particularly  in  the  spruce  forests  (cf 
TAYLOR,  1935). 

Other  factors. — Fires  are  liable  to  sweep  up  into  these  forests  from  the  inflammable 
pine  forests  below  them  and  be  very  destructive,  particularly  to  the  other  conifers  which 
are  fire  tender.  The  large  oaks  will  stand  a  leaf  fire  without  appreciable  harm  but  re¬ 
generation  is  killed.  Particularly  illuminating  examples  are  to  be  seen  in  Darjeeling  dis¬ 
trict  where  fires  in  the  bamboo  broken  have  swept  far  up  the  slopes. 

Grazing  and  its  concemitant,  lopping,  on  the  other  hand  have  exerted  a  very  great 
influence  on  the  oaks.  Many  of  the  lower  forests  especially  in  the  Quercus  incana  belt  have 
been  reduced  to  scrub  or  low  pollard,  or  even  completely  eliminated.  In  the  higher  oak 
and  conifers,  large  blanks  have  come  into  existence  round  the  frequented  grazing  camps, 
usually  on  the  gentler  slopes  and  often  richest  soils  by  the  annihilation  of  tree  regenera¬ 
tion  and  the  gradual  destruction  of  the  over-wood  by  peeling  bark,  lopping  for  fuel  and 
fodder,  burning  and  so  on  ;  these  blanks  are  almost  everywhere  spreading.  The  rapid 
destruction  by  lopping  of  the  breadleaved  strips  along  ravines  and  depressions  has  been 
recorded  in  many  districts.  Mountain  bamboo  (ringal)  brakes  have  also  replaced  tree 
forest  under  similar  circumstances  (cf.  p.  316). 

Snow  slides  often  occur  and  wipe  out  strips  of  forest  along  their  course.  They  be¬ 
come  more  prevalent  with  the  destruction  of  the  higher  forests,  the  conifers  being  elimi¬ 
nated  whilst  a  cover  of  hardwoods  and  shrubs  maintains  a  precarious  hold. 

Wind  is  surprisingly  unimportant  in  the  Himalayas  and  the  only  marked  effects  on 
the  forests  are  the  occasional  strips  flattened  by  avalanche  winds,  and  the  windswept 
edges  of  the  oak  forests  along  ridge  crests. 


5.  GENERAL  FLORISTICS 

The  preva’enceofccnifers  has  been  mentioned.  The  chief  genera  are  Ced- 

rus  Picea  Tsuga  and  Pinus  {P.  wallichiana) ;  Cupressus  and  Taxus  also  occur.  Among 
the’  broadleaved  trees,  the  genus  Quercus  with  several  species  is  by  far  the  chief,  and  its 
commonest  associate  is  Rhododendron,  notably  R.  arboreum,  throughout  the  range  with 
other  species  coming  in  at  the  higher  altitudes  and  towards  the  east  the  centre  o 
distribution  of  the  genus.  The  temperate  dcciducus  tree  genera,  Acer,  Corylus,  Aesculus, 
Prunus  Ulmus,  Carpinus  and  Betula,  are  met  with  fairly  generally  and  form  local  consocia¬ 
tions  Lauraceae  are  very  generally  present,  notably  Litsea,  Ltndera  and  Machilus,  but  in 
contrast  with  the  wetter  eastern  forests  play  only  a  subordinate  role.  Euonymus  and  ex 
T-  rommon  evergreen  tree  genera.  Arundinaria  and  related  genera  of  dwar 
ram^boL  are  very  typical  of  these  forests  being  represented  by  a  number  of  species 
Among  t^e  shrubi,  Indigofera,  Desrnodiun.,  Rubus  and  are  typical,  whilst 
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Strobilanthes  spp.  may  be  locally  conspicuous;  the  virtual  absence  of  oaks  from  the  Kash¬ 
mir  valley  and  the  Upper  Ganges  valley  (GUPTA,  i960)  is  noteworthy  particularly  as 
all  five  species  of  the  W.  Himalayas  were  present  in  e^'rly  pleistocene  times  as  also  the 
conifer  Larix.  The  herbaceous  flora  includes  Impatiens,  Plectranthus,  Senecio,  Dipsacus  and 
Heracleum  as  conspicuous  elements. 

6.  SUBDIVISIONS,  SUCCESSION,  ETC. 

In  the  W.  and  C.  Himalayas,  the  three  common  oaks  provide  a  simple  and  con¬ 
venient  basis  for  subdivision  into  three  altitudinal  zones  each  with  its  typical  coniferous 
counteipart.  Aspect,  exposure,  soil  and  history  as  usual  greatly  disturbed  the  natural 
altitudinal  distribution.  The  factors  determining  the  presence  or  predominance  of  coni¬ 
ferous  forest  in  relation  to  the  oak  have  not  been  worked  out,  but  the  oaks  appear  to  be 
good  indicators  of  the  growth  conditions  for  the  conifers  on  a  given  site.  The  oak-fir 
forest  of  the  E.  Himalayas  is  so  similar  to  that  of  the  W.  Himalayas  that  the  two  may  be 
co-ordinated  and  the  hemlock  forests  which  extend  eastwards  from  Kumaon  to  Assam 
are  accepted  as  equivalent  of  the  mixed  coniferous  forest  of  the  west.  Mixed  deciduous 
forest  is  generally  found  in  depressions  and  ravines.  At  lower  elevations,  Alnus  borders 
the  water-courses  extending  down  into  the  sub-tropical  zone. 

Ci.  Lower  Western  Himalayan  temperate  forests. 

\a.  Ban  oak  forest  (Q,.  incana). 

\b.  Moru  oak  forest  (Q,-  dilatata). 

DSi.  Oak  scrub. 

1C.  Moist  deodar  forest  {Cedrus). 

id.  Western  mixed  conifrous  forest  [spruce,  b’ue  pine,  silver  fir). 

le.  Moist  temperate  deciduous  forest. 

if.  Low-level  blue  pine  forest  [P.  wallichiana) . 

DSi.  Oak  scrub. 

DS2.  Himalayan  temperate  secondary  scrub. 

C2.  Upper  West  Himalayan  temp  rate  forests. 

2a.  Khnrsu  oak  forest  (Q,.  semecarpifolia). 

2b.  West  Himalayan  upper  oak j fir  forest. 

2c.  [Moist  temperate  deciduous  forest.) 

C3.  East  Himalayan  moist  temperate  forest. 

за.  East  Himalayan  mixed  coniferous  forest. 

зб.  Abies  delavayi  forest. 

Degradation  stages  of  H'malayan  moist  temperate  forests 

DSi.  Montane  bamboo  brakes. 
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DS2.  Himalayan  temperate  parkland. 

•DS'^.  Himalayan  temperate  pastures. 

General  edaphic  and  serai  types  of  Him-'layan  moist  temperate  forests 
El.  Cypress  forest. 
i^i.  Alder  forest. 

1S2.  Riverain  blue  pine  forest. 

2S1 .  Low-level  blue  pine  forest. 


In  describing  these  types,  it  is  more  convenient  to  deal  separately  with  the  pre¬ 
dominantly  breadleaved  and  predominantly  coniferous  forests  whatever  view  is  taken 
of  their  ecological  relationship.  The  following  diagram  compares  Eastern  and 

Western  forms  :  _ _ 


Western  Himalaya 


Eastern  Himalaya 


Altitude 

Broadleaved 

Coniferous 

Coniferous 

Broadleaved 

3,000  m. 

Sub-alpine  Birch-Rho- 
^dodendron 

Abies  speclabilis 

(Abies  densa) 

(Rhododendron-Belula) 

2,500  m. 

C2a.  d.  semecarpifolia 

Abies  pindrow 

C2C.  Abies  densa 
Tsuga  dumosa 
Picea  spinulosa 

Q_.  pachyphylla 

Q,.  lamellosa 

2,250  m. 

Q_.  dilatata 

Cie.  Abies  pindrow 
Picca  smilhiana 

Tsuga  dumosa 

(2,.  lamellosa 
(y.lineala 

2,000  m.  . 

Q,.  incana 

C I  d .  Aloisl  deodar 

Cif.  {Lower  Kail) 

•  • 

1,500  m. 

(Subtropical) 

{Pinus  roxburghii) 

1  (Pinus  roxburghii) 

(Shorca  robusta) 

The  successions  in  the  different  altituUmai  zones  oic  r 

The  occurrence  in  the  west  and  central  parts  of  Ptnus  wallichtana  as 

in  the  very  wid  p  secondary  seres  but  there  arc  naturally 

differr/irfloStics  and  other  details.  A  diagram  is  given  at  the  end  of  .e/C. 

on  page  310. 

Ci.  Lower  Western  Himaya’an  temperate  forests 

Cia.  Ban  oak  forest  (Quercus  incanal 

r..c:nRTPTION.-When  well  developed,  the  trees  form  a  closed  canopy  about 
DESCR  usually  they  form  a  somewhat  open  forest  of  rather  short- 

,0  m  though  often  of  considerable  girth,  and  on  southern  aspects 

boled  and  low  branchy  trees  in  mg  ravines  and  other  favourable  sites, 

L  cover  may  be  ^ 

lMra7th:Xre«;eme,  on  dry  hot  slopes,  these  are  entirely  absent  t  «mdr». 
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Pure  Quetcus  incana  forest  at  600  m.  Dalhousie  Municipal  Forests,  Punjab.  G.  S.  Mathauda 
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arbore^m  and  Lyonia  ovalifolia  (both  inedible  to  cattle  and  bad  fuels)  are  very  typical  asso¬ 
ciates,  usually  below  the  oak  canopy.  There  may  be  a  well  defined  largely  evergreen 
second  storey  on  damp  sites,  and  where  it  is  not  too  heavdy  grazed  there  is  general  y 
a  good  deal  of  shrubby  undergrowth  of  both  deciduous  and  evergreen  species.  Climbers 
are  few,  Rosa  moschata  and  Hedera  being  the  cemmonest,  but  there  is  much  moss  and  lichen 
on  the  trees  and  in  the  monsoon  a  copious  develcpment  of  epiphytic  ferns,  Arum,  Sedum, 
etc.  and  even  orchids. 


There  is  very  little  grass  in  the  better  quality  forests  bat  a  thick  grass  cover  is  deve¬ 
loped  on  all  but  very  shallow  soils  when  the  cover  is  broken.  Pteridium  aquilinum  is  usually 
present  in  such  places  and  the  sh  pes  are  often  full  of  flowers  in  the  monsoon.  Though 
a  little  Arundinariafalcala  occurs  in  shady  places,  bamboos  are  generally  absent. 

Many  of  the  forests  have  been  coppiced  in  the  past  and  so  present  a  decidedly  different 
appearance  frem  the  original  undisturbed  form. 


DISTRIBUTION. — Occupies  the  lowest  portion  of  the  temperate  belt,  particularly 
in  the  outer  ranges  and  on  southern  aspects.  It  occurs  most  extensively  in  the  Central 
Himalayas,  Uttar  Pradesh  and  Himachal  Pradesh.  Q^.  incana  extends  a  long  way  down¬ 
wards  practically  right  through  the  subtropical  zone  on  the  moister  sites.  Absent  from 
Kashmir  but  extends  into  NEFA. 


LOCALITY  FACTORS. — The  climatic  data  given  fur  Ranikhet,  Chakrata, 
Kausani  and  Dharmsala  are  quite  representative.  The  altitudinal  zone  occupied  is 
roughly  between  1,800  m.  and  2,300  m.  on  southern  aspects  but  lower  by  150  to  300  m. 
on  northern  slopes  and  in  ravines — occasionally  a  good  deal  lower.  There  is  a  wide  overlap 
with  the  chir  pine  forest  which  may  extend  up  the  ridges  even  to  2,300  m.  In  comparison 
with  the  other  moist  temperate  types,  it  occupies  drier  as  well  as  warmer  sites,  and  may 
be  viewed  as  their  least  mesophytic  form.  A  monsoon  rainfall  seems  necessary  and  a 
high  snowfall  unfavourable,  these  conditions  perhaps  contribute  to  the  replacement  of 
the  type  in  Kashmir  by  coniferous  forest. 


Geological  formafion  has  very  little  inlluence  on  the  distribution  of  the  oak  forest 

Shifting  cultivation  has  led  to  the  clea  '  f  Y  on  the  oak  than  the  other  species. 

cularl/on  the  gentle:  slopes 

has  also  displaced  much  oak  forest  in  some  iocalitie"' 
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The  ban  oak  forests  are  not  themselves  inflammable  but  in  many  localities  suffer 
a  good  deal  from  fires  spreading  up  from  the  pine  zone  below,  in  fact  these  fires  have  been 
an  important  factor  in  determining  the  present  distribution  of  the  oak  excluding  it  from 
much  territory  it  can  reinvade  given  protection  (cf.  CHAMPION,  1919,  1923). 

ILLUSTRATION,— Plate  79. 

FLORISTICS.  Although  Quercus  incana  is  by  far  the  commonest  oak,  Q_.  lanuginosa 
forms  local  consociations  of  varying  extent  and  Q..  glauca  is  locally  abundant  especially 
along  shady  ravines,  usually  at  the  lower  elevations.  Typical  grasses  have  been  listed  by 
MOHAN  (1955),  and  SETH  (1954). 

(i)  Binsar,  IV.  Altnora  division,  U.P.  1,650  m.  Good  forest. — 

1.  Quercus  incana*  (va),  Carpinus  viminea  (r),  Cedrela  serrata  (lo). 

II.  Rhododendron  arbcrium  (a) ,  Lyonia  ovalifolia  (a),  Euonymus pendulus  (f).  Ilex  dipyrena 
(o),  Betula  alnoides  (o),  Lindera  pulcherrima  (If),  Litsea  umbrosa  (o). 

TIL  Viburnum  cotinifolium  (f),  Desmodium  tiliaefolium  (f),  Indigofera  gerardiana  (f), 
Rubus  niveus  (f),  Boenninghausenia  (f),  Myrsine  africana  (If),  Deutgia  staminea  (f). 

IV.  Vitis  spp.  (o),  Hedera  (f),  Smilax  parvifolia  (f), 

(ii)  Girichina,  JV.  Almora  division,  U.P.  1,500  m.  Village  forest  type. — 

I.  &  II.  Quercus  incana*  (60  per  cent).  Rhododendron  arboreum  (a),  Lyonia  ovalifolia 
(a),  Rhus  semialata  {{) ,  Symplocos  crataegoides  (o),  Pyrus  pashia  (o),  Benlhamidia 
(^=Cornus)  capitata  (r),  Castonopsis  tribuloides  (r). 

III.  Berberis  lycium  (f),  Indigofera  gerardiana  (f).  Viburnum  cotinifolium  (f),  V.  coriaceum 
(f),  Lonicera  quinquelocularis  (f),  Reinwardtia  (f),  Strobilanthes  dalhousianus  (f), 
Leplodermis  (f),  Desmodium  tiliaefolium  (o),  Rubus  ellipticus  (o). 

IVa.  Pteridium  aquilinum  (a),  Plectranthus  strictus  (a),  Myriactis  sp.  (f),  Agrimonia  (f). 

IVb.  Thin  grass. 

V.  Vitis  himalayana  (a),  Rosa  moschata  (o). 

Par.  Loranthus  sp.  (a). 

Note.— On  red  clay  loam  over  limestone  on  a  N  aspect.  Forest  much  grazed. 

(iii)  Garhwal,  Uttar  Pradesh  (OSMASTON) — 

The  description  given  indicates  close  similarity  to  (i)  above.  Consociations  of 
Carpinus  faginea  are  reported  to  occur. 

(iv)  Chichiot  Forest,  Nichar,  Himachal  Pradesh— 

I  &  II  Q,-  incana*,  Rhododendron  arboreum,  Lyonia,  Machilus  odoratissima,  Litsea 
umbrosa,  Myrica  sapida,  Symplocos  crataegoides,  Benthamidia  capitata. 

Note. _ G  cd  forest  cf  Q,.C.  I  with  occasional  Pinus  walhchana,  P.  roxburghn  and 

Cedrus  on  drier  ridges. 
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Plate  89 


Natural  regeneration 


MORU  OAK  FOREST 

of  Quercus  dilatata  in  protected  catchment  areas 


Simla,  Punjab. 

G.  S.  Mathauda 
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ECOLOGICAL  STATUS. — It  seems  agreed  that  this  type  is  definitely  a  climatic 
climax,  the  present  distribution  having  been  considerably  reduced  by  human  influences 
particularly  clearing,  grazing  and  Itpping.  Reference  has  been  made  above  under  the 
rAiVpine  forest  (p.  271)  that  many  ecologists  incline  to  the  view  that  oak  is  the  cliinax 
over  the  greater  part  of  the  area  now  dominated  by  the  pine,  and  the  same  conclusion 
is  reached  for  the  lower  parts  of  the  kail  and  deoc.ar  forests. 

We  feel  that  this  view  goes  too  far  in  altogether  denying  climax  status  to  the  conifers 
and  that  more  probably  whilst  they  have  undoubtedly  greatly  extended  their  dominance 
into  the  broadleaved  types,  they  arc  still  entitled  to  climax  status  over  a  significant  pro¬ 
portion  of  the  sites  they  new  ccerpy. 

All  stages  of  degradation  occur  to  thin  oak  scrub  (cf.  OSMASTON,  PI.  XV),  the 
composition  of  the  underwood  being  ce  mpletely  changed  by  overgrazing  and  fire.  In¬ 
tensive  lopping  and  grazing  may  reduce  the  ban  forest  to  an  open  grass-tree  type  with 
practically  pure  Rhododendron  (near  Dharmsala,  etc.). 

The  occurrence  of  consociations  of  Quercus  lanuginosa  is  limited  tu  quartzite  outcrops 
in  Nainital  district  according  to  SMYTHIES,  but  not  so  in  Almora  (CHAMPION). 
TROUP  records  a  consociation  of  Q,.  glauca  at  1,500  m.  cn  a  northern  aspect  in  Mandi 
(Himachal  Pradesh;. 


Quercus,  Rhododendron  arboreum  and  Lyonia  are  all  absent  from  Kashmir. 

Cib.  Moru  oak  forest  (Quercus  dilatata) 

DESCRIPTION. — With  the  damper  climate  and  sites  affected,  and  a  warm  summer 
despite  a  pronounced  cold  winter,  this  type  is  definitely  more  luxuriant  than  the  ban 
oak,  and  forms  in  fact  some  of  the  finest  moist  temperate  breadleaved  forests.  The 
height  is  typically  20  to  over  30  m.  but  can  attain  44  m.  (TROUP)  the  trees  having 
relatively  long  clean  boles.  There  is  a  greater  admixture  of  secondary  species  in  the  top 
storey,  mainly  of  deciduous  trees  and  a  well  marked  evergreen  second  storey  of  Rhododen¬ 
dron  Lauraceae,  Euonymus,  Ilex,  etc.  and  there  is  a  shrubby  undergrowth  of  Rubus,  Spiraea 
and  Viburnum  with  some  evergreen  such  as  Skimmia  and  Sarcococca,  but  in  the  inner  hills 

o  umaon  this  may  be  largely  displaced  by  a  dense  growth  of  JWinaffa.  The  growth 

o  epiphyuc  ferns  and  herbs  is  less  pronounced  than  in  the  ban  forests  and  that  of  mosses 
less  than  in  the  high  level  oak,  but  epiphytes  are  none  the  less  conspicuous  during  the 
monsoon  months,  especially  ferns  and  bryophytes.  ^ 

Both  the  ban  and  kharsu  oaks  extend  freely  into  the  Quercus  dilatata  zone  freouentlv 
meeting  on  the  ridges  which  are  avoided  by  the  last  mentioned.  At  the  same  time  fairlv 

(,954),  ■  have  been  listed  by  MOHAN  (,955)  and  SETH 

.,50o“!™'he&HtaXa7irt7v'L7^^  '« 

>  gc  y  replaced  by  conifers  in  the  western  parts  of  the  range. 


300 


Forest  Types  of  India 


LOCALITY  FACTORS. — This  is  a  definitely  more  mesophytic  type  than  the  ban 
oak  which  displaces  it  on  dry  ridges  and  hot  southern  aspect.  It  is  thus  adapted  to  tem¬ 
peratures  averaging  4°  C  or  5°  C  cooler  and  a  moister  atmosphere,  and  fairly  high  soil 
moisture  also  appears  to  be  needed.  Climatic  data  are  only  available  for  the  lower 
altitudinal  limit  in  the  outer  ranges  :  the  figures  for  Simla  and  Chakrata,  both  at  about 
2,000  m.  may  be  seen.  Snow  falls  every  year  and  may  lie  for  several  weeks. 

Quercus  dilatata  appears  to  be  the  most  appreciated  of  the  oaks  for  leaf  fodder,  so 
that  the  more  accessible  forests  are  very  heavily  lopped,  but  their  greater  distance  from  the 
centres  of  population  sometimes  protects  them  to  a  considerable  extent.  On  the  other 
hand,  the  villagers  themselves  sometimes  protect  a  strip  of  oak  adjoining  the  village  ex¬ 
pressly  for  lopping.  Q_.  dilatata  is  less  fire-hardy  than  (f.  incana  but  the  forests  are  too 
damp  to  burn  except  when  fires  sweep  up  from  below  in  exceptional  years. 


ILLUSTRATION.— Plate  80. 

FLORISTICS.— 

(i)  Bhatkot  E.,  C.  Almora  Division,  Uttar  Pradesh  (OSMASTON). — 

I.  Quercus  dilatata*  (a),  Q_.  incana  (o),  Abies  pindrow  (If). 

II.  Euonymus  pendulus  (a).  Ilex  dipyrcna  (o),  Rhamnus  purputeus  [o),  Linder  a  pulcher- 
rima  {l{),Eurya  acuminata  (f).  Rhododendron  arboreum  {{),Meliosma  dilleniaefolia, 
Cedrela  serrala  (lo),  Pyrus  lanata  (f),  Lyonia  ovalifolia  (f),  Machilus  duthiei  (f), 
Fraxinus  micrantha  (r),  Betula  alnoides  (o),  Taxtis  baccata  (o). 

Ila.  Arundinaria  spp.  (f),  A.  jaunsarensh  (If). 

III.  Rosa  macrophylla,  Rubus  niveus,  R.  bifiorus,  Myrsine  semiserrala,  Viburnum  spp., 
Berberis  aristata,  Strobilanthes  wallichii,  S.  alatus,  Deutzia  corymbosa. 

V.  Hedera  nepalensis  (f).  Clematis  montana. 

(ii)  Preservation  Plot  No.  22  (1932),  Chakrata  Division,  UP.  1,700  m.— 

I.  Quercus  dilatata*  (a),  Q,.  incana  (o),  Aesculus  (o),  Celtis  australis  (f),  Abies  specta- 
bilis  (r),  Picea  (r),  Cedrus  (r). 

II.  Ilex  dipyrena  (f),  Machilus  odoratissima  (f),  Betula  alnoides  (o),  Acer  caesium  (f). 

Ila.  Arundinaria  jaunsarensis. 

III.  Indigofera  gerardiana.  Daphne  cannabina,  Sarcococca,  Desmodium. 


IV.  Ferns  numerous. 

(iii)  Garhwal  Himalayas,  Uttar  Pradesh. — 

I.  Qjmcus  dilatata*.  d-  incana,  Q,.  semcarpifilia.  Betula  alnaides,  Ca, pious  uiminea, 
Acer  caesium,  Machilus  dutriui. 

It  Euanymus  pendulus.  Ilex  dipyrena,  Rhammts  purpureus,  Eu^a  acumimta,  Bu^s 
(quite  small  societies),  Lindera  puldterrima.  Lttsea  unebresa,  Lyunta 

ovalifolia,  Staphylea  emodi,  Symplocos  ramostssma,  etc. 
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Plate  81 


MOIST  DEODAR  FOREST  .  .  r 

^ed  group  of  Cedrus  deodara  with  natural  regeneration  of  ^ 

"  ic,Hr.la  Lower  Bashahr  Division,  Himachal  Pradesh.  Champion 


Sub-type  izliCibjCic) 
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Ila.  Arundimria  spp.  .. 

III.  Boenninghausenia,  Salix  elegans,  Skimmia  laureola,  Strobilanthes  walhchti,  Viburnum 

cotinifolium. 

IV.  Geranium  wallichianum,  etc. 

V.  Hedera  nepalensis. 

Note.— ^‘Ojiercus  dilatata  requires  very  favourable  conditions  for  it  to  form  consocia¬ 
tions  of  its  own. . The  canopy  is  generally  dense  and  there  is  nearly  always  a  thick 

second  storey”.  (OSMASTON). 

(iv)  Sutlej  Valley,  Himachal  Pradesh  (GORRIE)  — 

The  Quercus  dilatata  occurs  mainly  as  an  underwood  in  the  blue  pine  belt  but  locally 
forms  consociations  very  similar  to  those  met  with  in  Kumaon  and  Garhwal. 

ECOLOGICAL  STATUS.— The  Quercus  incanajO^.  dilatata  arA  Q,.  semecarpifolia, 
tension  lines  in  Kumaon  in  relation  to  human  activities  have  been  discussed  by  CHAM¬ 
PION  [1923  (i)].  Degradation  to  tree  scrub  or  shrub  cover  results  in  oak  scrub  and  tem¬ 
perate  mixed  scrub  described  below  and  on  p.  309. 

i2/Ci(a’b)/DSi.  Oak  scrub 

DESCRIPTION. — The  oaks  and  associated  species  arc  reduced  to  low  stimted  un¬ 
sound  trees,  usually  coppice  whilst  Rhododendron  arboreum  tends  to  be  left  as  useless  for 
villagers’  purposes.  With  it  are  bushes  oiBerberis  spp.,  Crataegus,  Prinsepia,  etc.  (all  thorny) 
and  sometimes  Spiraea,  Indigofera,  Wikstroemia,  etc.  Short  grass  covers  the  soil  (with  some 
Pteridium  aquilinum,  on  the  deeper  pockets)  where  it  is  not  completely  exposed  by  the 
trampling. 


DISTRIBUTION. — Area  adjoining  or  easily  accessible  to  settlements  extending 
from  ban  up  into  the  Q^.  dilatata  type. 

LOCALITY  FACTORS. — Intense  lopping  for  fodder  and  litter  combined  with  a 
continuous  grazing  and  more  or  less  fuel  and  pole  felling.  The  soil  is  usually 
badly  eroded  and  often  completely  stripped. 

ILLUSTRATION.— OSMASTON  (1922),  PI.  XV. 

Note.— If  the  same  areas  are  completely  cleared  of  tree  growth  the  secondary 
temperate  scrub  described  on  p.  309  may  come  into  existence. 


Cic.  Moist  deodar  forest  (Cedrus) 

DESCRIPTION.-The  forest  is  perhaps  typically  nearly  pure  deodar  but  more 
or  less  blue  pine  and  a  little  spruce  are  commonly  present.  Most  of  the  forests  seen  appear 
to  have  been  considerably  influenced  directly  or  indirectly  by  human  activities  and  so 
are  no  m  tru  y  cl.max  condition.  The  canopy  is  typically  fairly  complete  but  not  very 
dense  (except  ocaUy  young  crops)  and  the  boles  are  straight  and  tall  ;  aheigrof  ^ 
40  m.  ts  usual,  mre  are  usually  scattered  oaks  and  RkoMendran  under  the  con  fers 
and  a  scrub  growth  depending  in  amount  largely  on  the  intensity  of  erazim.  % 

the  west  the  tall  shrub  pohu  (ParroUa  jacJ„Lana)  may  3170^' JZoJ 
comparable  with  Corylus  avellana  in  Europe.  underwood 
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An  analysis  of  full  vegetation  lists  of  50  deodar  sample  plots  showed  that  whilst 
Viburnum  cotinifolium  and  Indigofera  gerardiana  are  conunon  practically  throughout,  the 
presence  of  Quercus  dilatala,  Q,.  incana,  Lonicera  angustifolia,  Rosa  moschata,  J asminum  officinale 
and  Daphne  papyracea  diffei  eiitiate  the  moist  type  here  under  consideration  from  the  dry 
temperate  type  dealt  with  later.  GORRIE  (1933)  has  discussed  the  ecological  signifi¬ 
cance  of  the  occuiTcnce  of  many  of  the  common  plants  of  the  deodar  forests,  both  moist 
and  dry. 

DISTRIBUTION. — From  Garhwal  north-westwards  through  Tehri,  Jaunsar, 
Himachal  Pradesh,  the  Punjab  (notably  the  Beas  Valley  at  Kulu),  Jammu  and  Kashmir 
with  the  exception  of  the  northern  slopes  of  the  Pir  Panjal  Range,  mainly  between  the 
outer  wet  ranges  and  the  inner  dry  zone.  Isolated  occurrences  further  east,  e.g.,  in  Ku- 
maon,  Uttar  Pradesh,  appear  to  have  spread  from  planted  trees,  especially  near  temples. 


The  deodar  forests  cover  practically  the  same  altitudinal  range  as  the  ban  and 
moru  oaks,  viz-,  1,700-2,500  m.  similarly  extending  appreciably  lower  on  cool  aspects 
and  much  higher  even  to  3,000  m.  or  more  (GUPTA,  i960)  on  sunny  ridges  ;  they  avoid, 
however,  the  outer  ranges  and  regions  of  high  rainfall  (particularly  high  monsoon  rain¬ 
fall)  and  extend  into  a  much  drier  climate. 

LOCALITY  FACTORS.— The  rain/a// is  typically  1,100— 1,800  mm.  and  the  mon¬ 
thly  falls  given  for  Simla  or  Nagar  on  p.  293  illustrate  the  normal  seasonal  distribution. 
Appreciable  winter  snowfall  seems  to  be  necessary  and  this  is  probably  a  significant 
factor  in  its  absence  eastwards. 


The  significance  of  humidity  in  addition  to  the  rainfall  and  its  distribution  has  been 
brought  out  by  SHER  SINGH  (1929)  as  a  possible  explanation  for  the  absence  of 

deodar  on  the  Pir  Panjal  in  Kashmir;  high  humidity  is  unfavourable  to  this  tyiie  but 

favourable  to  fir. 

Temperature  data  are  not  available  for  any  typical  station  in  the  deodar  forests 
nor  even  any  station  of  comparable  altitude  in  the  north-west  where  winter  rainfall 
is  important.  The  figures  for  Srinagar,  which  lies  at  1,500  m.  and  receives  only  660  mrn. 

rainfall,  are  given  on  p.  293  and  provide  an  interesting  comparison  with  those  of  Simla 

(2,200  m.)  in  the  same  table. 

The  type  occurs  on  all  geological  formations  but  avoids  badly  drained  soil.  (This 

is  adduced^as  another  possible  reason  for  the  absence  of  deodar  forests  on  the  heavier 

nifs  of  tL  eentle  north  slopes  of  the  Pir  Panjal).  In  the  moist  parts  of  Garhwal  it  is 
soils  of  the  g  P  indicating  preference  for  the  driest  situa- 

.Tonf  [S^SmIsTON  J.  Some  deodae  sods  have  been  invessiga.ed  by  TAYLOR, 

MEHTA  and  HOON  (i934)- 

n-  1  not  usually  origi  late  in  the  deodar  forests  but  is  very  liable  to  sweep  up 

blue  plLfoeesU  below  and. 

reen“‘Si»;^rm1ortXe  aid  tafluenti;.  in  determining  the  relative  distribution  of 
deodar,  blue  pine  and  ckir  in  the  exist.ng  forests. 
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Grazing  is  usually  heavy  throughout  the  deodar  forests  except  where  especially 
excluded  If  not  excessive,  it  dees  not  greatly  affect  forest  type  and  may  even  be 
helpful  in  its  maintenance,  by  reducing  the  herbaceous  ground  cover  and  so  facilitating 

tree  regeneration. 

ILLUSTRATION.— Plate  81. 

FLORISTICS.— 

(i)  Lower  Bashahr  Sample  Plots. — 

1.  Cedrus  deodar  a*,  Pinus  wallichiana  (r). 

II.  Quercus  incana  (r). 

III.  Rosa  macrophylla  (f),  Berberis  lycium  (f),  Lonicera  angustifolia  (f),  Strobilanthes 
wallichii  (f),  Boenninghausenia,  (If),  Deutzia  staminea  (f). 

IV.  Adiantum  lunulatum  (a),  Lastraea  si^p.  (f). 

V.  Hedera  nepalensis  (^),Jasminum  offitinale  (o).  Clematis  montana  (o),  Vitis  himalayana 
(r). 

Note. — These  plots  are  in  the  best  stocked  areas  and  grazing  is  prevalent  in  all 
of  them. 


(ii)  Kulu  Division,  Punjab. — 

Note.— OSMASTON’s  (1931)  analysis  of  the  vegetation  associated  with  good 

natural  regeneration  in  two  plots  in  this  Division  showed  that  the  presence  of  grass 

Galium  asperifolium,  Salvia  glutinosa,  Fragaria  indica,  F.  vesca,  Viola  canescens,  moss,  Indigofera 

heterantha,  Desmodium  tiliaefolium  and  Oxalis  corniculata  are  characteristic  and  c 

intr  ucptn  01 

humus  only  varied  between  12  and  25  mm. 


MOHAN  (1955)  and  SETH  (1954)  have  listed  the  typical  grasses. 

ECOLOGICAL  STATUS.— The  relation  between  deodar  and  blue  pine  is  discuss¬ 
ed  on  p.  320.  Blue  pine  is  met  with  almost  throughout  the  moist  deodar  area  sornetimps 
in  mixture,  sometimes  as  more  or  less  pure  crops.  The  latter  are  considered  he  H 
serai  communities  and  stages  in  their  progression  to  deodar  are  commonly  seen  fS  JR  T 
(•933)  cites  Paneo  in  Seraj  division  as  a  good  example].  ’ 

At  the  same  time,  deodar  may  itself  be  ousted  by  spruce  in 
(Takrasi,  etc.,  in  Seraj).  ^  ^  zone 


.  KENOYER  (1924)  consider  the  deodar  forests  in  Teh  *  r  1, 

to  be  an  edaphic  climax  in  a  breadleaved  scleronhvll  r  ™  Garhwal 

same  as  for  the  chir  pine.  PARKER  (1924)  MOHAN  o  t  T 

similar  views  for  the  Punjab,  HimacL  Pradesh  a^d  KasW 

be  the'e^d  so^:" rfth'e  pr"e“  trees  appearing  to 

dh„a.  Pande.  PM,,  Do.s,.  i. 
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or  after  a  long  period  of  intensive  maltreatment  of  an  earlier  crop  in  which  deedar  was 
at  least  a  major  constituent.  The  fact  that  oak  (usually  moru)  survives  among  the  deedar 
as  scattered  intensively  lopped  trees  of  varying  size  suggests  that  cak  may  originally  have 
been  more  abundant  and  even  dominant.  This  possibility  is  often  supported  by  the  exis¬ 
tence  of  a  fringe  of  similar  lopped  cak  between  the  edge  of  the  forest  and  cultivation  or 
settlement,  but  proof  is  lacking  that  the  deedar  is  entirely  invasive  in  cak  forest  ;  on  the 
right  bank  of  the  Jhelum  where  oak  is  absent  this  cannot  have  been  so.  We  are  according¬ 
ly  of  the  opinion  that  although  a  considerable  part  of  the  area  at  present  dominated  by 
deodar  even  to  the  extent  of  practically  pure  crops,  has  the  status  of  a  secondary  serai 
stage,  it  should  be  accorded  climatic  climax  status  over  a  significant  proportion  of  the 
whole,  just  as  with  the  chir  pine.  Its  affinity  to  the  dry  deodar  type  (p.  326)  may 
be  noted  together  with  the  fact  that  it  requires  well  drained  soil.  Where  it  is  probably 
only  serai  in  status,  it  seems  likely  that  the  climax  will  be  the  mixed  coniferous  forest 
with  an  admixture  of  cak  and  breadleaved  trees  dominating  locally  on  appropriate 
soils  and  sites. 


Cid.  Western  mixed  coniferous  forest 

NOMENCLATURE. — This  type  is  ccmmonly  referred  to  as  mixed  coniferous  or 
simply  “fir”  forest  but  it  also  includes  pure  spruce  and  SURTs  spruce  and  silver  fir 
types  (except  his  Abies-Belula-Quercus  type).  GORRIE’s  spruce  formation  and  the 
upper  part  of  OSMASTON’s  Pinus-Cedrus  formation  all  fall  withm  this  type. 

description. — These  forests  are  the  most  attractive  in  the  Himalayas  with  a 
varying  mixture  of  coniferous  trees  often  of  very  fine  growth,  spruce  silver  fir  blue 
oini  and  deodar,  and  a  varying  inter-mixture  of  evergreen  and  deciduous  broadleaved 
Cs  and  strips  and  patches  of  broadleaved  forest.  A  height  of  50  m.  is  by  no  means 
rTmon  ar^ong  the  conifers  and  trees  of  very  large  girth  are  frequently  met  with. 
TheuZZnopy  may  be  very  dense  and  dark  but  varies  greatly  and  is  frequently  broken 

h  open  brassy  and  flowery  meadows  mostly  due  to  the  slow  but  cumulative  results  of 
by  open  grassy  ^  meadows  usually  carry  scattered  deci- 

the  use  of  these  p  |  ^reas,  young  trees  are  markedly  defi- 

duous  trees  and  ^  ^biem  Patches  of  dwarf  bamboos  occur  but  are  not  general 

cient  and  "egenera  depends  mainly  on  the  Intensity  of  the  grazing.  A 

and  the  densi  y  jg  developed  during  the  monsoon,  a  variety  of  ferns  being 

rich  herbaceous  veg  spring  after  the  snow  melts,  and  the  shoots  of  Strobil- 

X  oten  predominating  later  |  this  all  dies  off  and  is  completely  flattened  down  by  the 
winter  snow. 

There  is  a  good  deal  of  moss  and  lichen  on  the  trees  but  chmbers  are  tnfreguen  . 
mSTOIBUTION.-The  C.  and  W.  Himalayas  including  N.  W.  Ktnnaon  west- 
^  u  ah  Taunsar  Jammu  &  Kashmir. 

wards  through  Jaunsar,  j 

“o™  re:;r  b',::”!  emps  bemg  round  both  in  it 
fnTabo«  and  below,  and  the  oak-fir  type  Ca  above  tt. 
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Rainfall  usually  varies  between  about  the  same  limits  as  for  the  moist  deodar, 
from  1,140  mm.  (or  oven  1,000  mm.)  up  to  1,300  mm.,  but  the  type  also  extends  somewhat 
into  still  wetter  localities  though  not  in  its  most  typical  form.  The  data  given  for  Kotgarh 
and  Nagar  may  be  taken  as  fairly  representative. 


Temperatures  are  as  for  the  Quercus  dilatata  forest  or  rather  cooler  but  detailed  records 
are  not  available.  Good  snow  fall  is  normal  ;  at  the  eastern  limit  of  the  range  it  does 
not  lie  for  long  but  normally  it  should  cover  the  ground  for  several  weeks  at  least. 


The  forests  occur  on  all  types  of  rock.  The  soils  are  those  typical  of  temperate 
coniferous  forest  as  in  Europe,  usually  with  a  well-developed  “A”  horizon  and  often  with  a 
considerable  depth  of  undecomposed  humus  inimical  to  regeneration  (cf.  TAYLOR 
et.  al.,  1934). 


A  large  proportion  of  the  high  level  grazing  stations  are  situated  in  this  belt  of  forest 
and  their  presence  exerts  a  far  reaching  influence  on  the  ground  vegetation  and  the  re¬ 
generation  of  the  tree  species.  SURI  (1933)  has  recorded  the  variations  in  the  depth 
of  humus  found  with  different  types  of  undergrowth,  from  which  it  appears  that  the  grea¬ 
test  depths  are  associated  with  the  prevalence  of  Rubus  niveus  (10-30  cm.)  and  Pteridium 
aquilinum  (25  cm.)  in  spruce  forests,  and  Strobilanthes  atropurpureus  (7-10  cm.)  in  silver 
fir  forest,  regeneration  being  absent  in  all  cases. 


ILLUSTRATION.— Plate  82. 

FLORISTIGS. — The  flora  is  practically  identical  with  that  described  for  the  corres¬ 
ponding  breadleaved  forest  of  Quercus  dilatata,  except  that  the  oak  and  all  its  associates 
are  subordinated  to  a  coniferous  overwoed  to  which  some  or  all  of  spruce,  deodar,  blue 
pine  and  fir  may  contribute  according  to  the  altitude  and  other  site  factors. 

(i)  Spruce-deodar  belt,  Sutlej  Valley,  Himachal  Piadesh  (GORRIE) — 

I.  Picea*,  Cedrus*,  Abies  pindrow*,  Pinus  wallichiana. 

II.  Quercus  dilatata,  Q_.  incana,  Q,.  semecarpifolia,  Acer  acuminatum,  A.  caesium,  A. 
piclum,  Euonymus  lacerus,  Taxus  baccata,  Betula  alnoides. 

I  la.  Arundinaria  falcata,  Thamnocalamus  spathijlorus. 

III.  Deutzia  corymbosa,  Ribes  rubrum.  Viburnum  nervosum,  Skimmia,  Strobilanthes  sp. 
IVa.  Fragaria,  Viola,  Valeriana,  Pteridium,  Adiantum  venustum,  Aspidium  aculeatum. 
IVb.  Oplismenus  undulatifolius  and  other  grasses. 

V.  Clematis  barbellata,  Hedera  nepalensis,  Schizandra  giandijJora,  Vitis  spp. 

Note.— For  further  details,  see  GORRIE,  1933,  PP*  33-38* 

(ii)  Deoban,  Chahata,  U.P.,  2,440  m. — 

I.  Abies  pindrow*  (a),  Picea  smithiana*  (f). 
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II.  Quercus  semecarpifolia  (a),  Evonymus  lacerus  (o),  Rhamnus  purpureus  (r),  Meliosma 
dilleniaefolia  (r). 

Ila.  Thamnocalamus  spathifiorus.  (If). 


III.  Rosa  macrophylla  (a),  Lonicera  angustifolia  (a),  Strobilanlhes  wallichii  {f) ,  Smilax 
vaginata  (f),  Viburnum  stellulatum  (f),  V.  cotinifolium  (o),  Asparagus  filicinus  (o), 
Jasminum  humile  (o),  Deutzia  corymbosa  (If). 


IVa.  Viola  serpens  (va),  Fragaria  vesca  (a),  Ophiopogon  (a)  Polygonum  speciosum  (a), 
Impaliens  sp.  (a),  Vicatia  comi-folia  (f),  Valeriana  hardwickia  (f),  Geranium  walli- 
chianum  (f),  Ainsluaea  (o),  Galium  (o),  Adiantum  venusium  (f). 

V.  Hedera  (a),  Vitis  himalayana  (r),  Jasminum  officinale  (o). 

Note. _ Preservation  Plot  No.  2,  Chakrata  Division(i9i3)  at  2,500  m.  on  a  northerly 

aspect  of  an  intimate  mixture  of  mature  Cedrus,  Picea  and  Abies  with  some  Q_.  dilatata. 
Preservation  Plot  No.  30,  Tons  Division  is  a  temple  grove  with  fine  trees  of  Cedrus,  Picea 

and  Cupressus. 


(iii)  Grahan  Mai,  Parbatti  Valley,  Punjab.  Abies-Picea-Cedrus  type.  2,150-2,900  m. 
(SURI).— 

I.  Cedrus  deodara*  (a),  Abies  pindrow*  (a),  Picea  smithiana*. 

II.  Acer  spp.,  Juglans  regia,  Corylus  colurna,  Celtis  australis,  Ulmus  wallichiana. 
Ila.  Arundinaria  falcata  (a),  Thamnocalamus  spathifiorus.  (a). 


III.  Strobilanthcs  sp.  (a). 

<;ttRT  differentiated  no  less  than  ten  subtypes  according  to  the  dominant 
•^"^^^'the  lower  strata  e.g.,  hardwood,  Taxus,  Arundinaria,  Spiraea,  Slrobilanthes,  Ins 
,pec.«  m  the  0  ^-mewhat  influence  the  eultnral  operations  necessary 

bracken.  These  su  yp  °  ^^eir  occurrence  would  appear  to  be  due  to 

to  ensure  regeneration  of  ^ bv  the  nature  and  intensity  of  the  biotic 

varying  soi’  and  Ejected  AGGARWAL  in  his  1949  Working  Plan 

rKuti:  rr  e^  "aS  nnn.her  of  snhtypes  to  hoe. 

ecological  STATUS.-This  mted  coni^^^^^^ 

climax  though  probably  with  a  mu  «  (PARKER  194a)-  MOHAN  and 

oaks  or  deciduous  number  of  sites  in  the  Upper  Sutlej  Valley 

PURI  (1957)  have  collected  data  Ircm  g  _  community  is 

jBashahr).  They  are  definitely  "f  oak-conifer  bio-edaphic 

,he  sbthle  climax  on  al  aspe®^^^^^  succession  and  always  tend  to  <l'vch>P  “  » 

puToTk*  com““‘'>'  if  “cterdingTy ‘dow”“orgL^^^^  moraines  and  on 
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Cie.  Moist  temperate  deciduous  forest 

DESCRIPTION. — A  deciduous  high  forest,  20-30  m.  high,  the  trees  running  to 
large  girths  though  usually  rather  branchy,  and  the  species  occurring  mixed  singly  or 
by  groups  of  varying  extent.  The  undergrowth  is  usually  rather  thin  in  undisturbed 
forest  owing  to  the  heavy  shade  when  the  trees  are  in  leaf  but  the  canopy  is  often  broken 
enough  to  permit  the  growth  of  smaller  trees  and  shrubs,  also  largely  deciduous.  Locally 
there  may  be  gregarious  growth  of  bamboos,  but  this  is  generally  not  developed. 

DISTRIBUTION. — On  suitable  sites  throughout  the  moist  temperate  forests  except 
the  lowest  parts. 

LOCALITY  FACTORS. — ^This  type  is  commonly  found  from  1,800  to  2,750  m. 
in  moist  hollows  and  depressions  often  as  strips  along  the  hill  streams  and  also  on  many 
of  the  gentler  slopes.  It  has  been  extensively  cleared  for  cultivation  or  cattle  steadings 
and  has  commonly  suffered  severely  from  proximity  to  settlements  with  the  associated 
grazing,  lopping  and  felling. 


The  type  extends  well  into  the  dry  temperate  zone  with  very  little  change  in  com¬ 
position,  favourable  soil  conditions  compensating  for  the  drier  climate.  Local  areas 
in  the  wet  temperate  E.  Himalayan  tract  carry  a  very  similar  forest. 


ILLUSTRATIONS. — Plate  83;  TROUP,  figs.  90  {Aesculus),  91  (Acer),  330  (Juglans). 
FLORISTICS.— 

(i)  Dwali,  N.  Almora  Division,  Kumaon,  Uttar  Pradesh  (OSMASTON).— 

I.  Aesculus  indica*  (a),  Acer  caesium*  (a),  A.  pictum  (f),  Carpinus  viminea  (f),  Ulmus 
walltchiana  (f),  Betula  alnoides  (o),  Juglans  regia  (o),  Fraxinus  micrantha  (r) 
Quercus  semecarpifolia  (o). 

II.  Corylus  colurna  (f),  Cornus  macrophylla  (f),  Rhus  punjabensis  {\{),  Taxus  baccata 
(o),  Prunus  undulata  (o),  Euonymus  lacerus  (f). 

lla.  Thamnocalamus  spathifiorus(\o),  T.  falconeri  (\{) . 

^orbifolia,  Strobilanthes 


IVa.  Paeonia  emodi  (la),  Impatiens  spp.,  Aconitum  sp.,  Lilium  giganteum 
V.  Vitis  semicordata.  Clematis  connata,  Rubus  lanatus. 

Note.— The  Jaunsar  forests  are  almost  identical. 


fn)  Sutlej  Valley,  Himachal  Pradesh  (GORRIE). _ 

fpp',Crhra«.ta£'Tm^^^  alnoides,  Carpinus 

Mi.  Pruius  ToZZJ  ’  spp.. 
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II.  Cornus  spp.,  Corylus  colurna,  Euonymus  tingens,  Lyonia  ovalifolia,  khododendron 
a'boreum,  Rhus  sp.,  Taxus  baccala. 

I  la.  Arundinaria  spp. 

III.  Berberis  petiolaris,  Cotoneaster  spp.,  Deutzia  corymbosa,  Jasminum  humile,  Ribes 
spp.,  Sarcococca  saligna,  Strobilanthes  atropurpureus.  Viburnum  spp. 

IVa.  Aconitum  spp.,  Impatiens  spp.,  Polygonatum  spp..  Spiraea  vestita,  S.  aruncus, 
Aspidium  spp. 

V.  Hedera  nepalensis,  Vitis  semicordata,  V.  lanata. 


The  Kulu  forests  are  very  similar. 

(iii)  Pahalgam,  Liddar  Valley,  Kashmir  ca  2,250  m. — 

I.  Prunus  padus*,  Aesculus*,  Corylus,  Juglans*,  Acer  caesium*,  Ulmus  wallichiana, 
scattered  Picea,  Pinus  wallichiana  and  Abies, 


II.  Euonymus  hamiltonianus,  Crataegus  oxyacantha. 

III.  Viburnum  spp.,  Parrotia. 

Small  consociations  of  the  several  species  are  frequently  met  with. 


(iv)  Jhelum  Valley,  Kashmir. — 

It  is  probable  that  the  floor  of  the  valley  formerly  carried  broad’eaved  forest  inclu¬ 
ding  Ulmus  villosa,  Celtis,  Juglans,  Prunus  padus,  Fraxinus  with  Salix  wallichiana  and 
Populus  ciliata  along  the  streams. 


ILLUSTRATIONS.— TROUP,  Figs.  328—330. 

General  Notes. — It  remains  a  matter  of  opinion  whether  this  type  should 
be  viewed  as  a  climatic  climax  with  a  varying  admixture  of  conifers  (often  largely  con¬ 
fined  to  the  better  drained  sites,  where  they  may  dominate),  or  an  edaphic  clirnaxon 
the  moister  soils  and  sites  within  a  conifer-dominated  climax.  PARKER  (1942)  while  ad¬ 
mitting  the  infrequency  of  fir  on  the  gentler  slopes,  which  may  carry  purely  broadleaved 

forest  seems  to  take  the  view  that  the  latter  is  an  edaphie  variant  of  a  climax  type  con¬ 
sisting  of  mixed  broadlcaved  and  coniferous  trees,  the  mixture  m  some  as  yet  unknown 
lay  making  it  possible  for  both  groups  to  maintain  their  place  by  natural  regeneration. 

In  the  E.  Himalayas,  patches  of  predominantly  deciduous  forest  occur  in  the  wet 
temperate  forest  which  are  obviously  closely  related  to  the  western  form  here  described. 

Further  study  is  needed. 

SURI  (1933)  points  out  that  deciduous  forest  also  colonises  new  landslips  in  cold 
sites  unsuitable  to  blue  pine. 

Cif.  Low-level  blue  pine  forest  (P.  wallichiana) 

Manv  foresters  have  treated  the  extensive  more  or  less  pure  kail  forests  occurring 
■  oak  mom  oak,  and  mixed  coiJerous  zones  as  a  separate  type  m  .ts  own  right, 

‘a„rcerrnty  til  mailagcmen.  calls  for  <,ui.e  different  techniques.  It  is.  however. 
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now  generally  accepted  that  such  forests  are  all  secondary  to  the  destruction  of  pre-exis- 
ting  Lest  of  various  types  from  natural  or  biotic  causes.  Pinus  wallichiana  is  the  universal 
coloniser  of  vacant  sites.  Whilst  under  natural  conditions  it  can  maintain  itself  m  the 
broadleaved  and  coniferous  forests  in  chance  gaps  caused  by  wind  snow  or  landslip, 
its  occurrence  over  large  areas  is  only  made  possible  by  human  disturbance  ;  its  profilic 
and  regular  seeding  is  an  important  factor.  Accordingly  these  kail  forests  cannot  be 
accorded  climax  status  and  are  described  on  pp.  320-321  as  a  secondary  serai  type  and 
on  p.  320  as  a  primary  serai  type  on  new  riverain  soils. 


Ci/DSi.  Oak  scrub 

Practically  all  the  oak  forests  are  subject  to  heavy  grazing  and  in  the  absence  of  spe¬ 
cial  protective  measures,  equally  heavy  lopping.  The  older  trees  usually  succumb  but 
the  smaller  tend  to  become  reduced  to  coppice  scrub,  often  practically  pure  oak  as  most 
associated  species  arc  more  easily  killed,  bur  Rhododendron  arborevm  and  Lyonia  ovalifolia 
being  both  unpalatable  to  stock  and  poor  fuels  are  generally  left.  At  the  lower  elevations 
Pyrus  pashia  often  survives  perhaps  owing  to  its  thorniness.  Q^.  dilatata  tends  to  be  lopped 
to  the  main  stem  and  stands  in  columnar  form  till  it  is  killed  so  that  most  of  the  scrub  is 
Q,.  incana  and  locally  Q_.  setrucarpifoUa. 

Ci/DSz.  Himalayan  temperate  secondary  scrub 

DESCRIPTION. — An  irregular  but  often  dense  and  extensive  scrub  cover  with 
a  few  species  predominating,  and  sometimes  scattered  residual  trees  of  the  original  forest 
or  pioneers  of  the  secondary  sere. 


DISTRIBUTION. — Throughout  the  temperate  forest  on  the  site  of  abandoned 
shifting  cultivation,  on  burnt  areas  especially  on  southern  aspects,  on  excessively  grazed 
and  lopped  areas  near  villages,  and  on  other  similar  sites. 


LOCALITY  FACTORS. — The  secondary  nature  of  most  of  these  scrub  communities 
is  evident  and  ascribable  to  the  cause  mentioned .  Their  stability  varies  greatly  with 
conditions,  from  those  which  can  quickly  revert  to  forest  on  removal  of  the  retrogressive 
influences  to  others  where  progression  is  so  slow  as  to  be  hardly  apparent — this  is  particu¬ 
larly  applicable  to  hot  southern  aspects  at  the  middle  and  lower  elevations. 


FLORISTICS.— 

(i)  Quercus  incana  forest,  Nainital  Division,  U.P.,  1,800  m.— 

Plectranthus  rugosus*,  Berberis  asiatica,  Crataegus  crenulata. 

Note.— This  is  a  dry  type  also  occurring  in  the  dry  temperate  forests. 

(ii)  Quercus  incana  forest,  W.  Almora  Division,  U.P.  2,000  m. _ 


1.  Berberis  lycium*.  Spiraea  canescens,  Prinsepia  utilis,  Indigof era  gerardiana,  Crataegus 
crenulata,  Pyrus  pashia. 

(iii)  Quercus  dilatata-Deodar  forest,  Jaunsar,  2,150  m.' 

22—7  gerardiana*,  Cotoneaster  bacillaris,  Berberis  lycium,  Rosa  macrophylla,  etc. 
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(iv)  Eastern  oak-hemlock,  near  Tal  La,  Sikkim,  2,150  m. — 

Piptanthus  nepalensis*  (va),  Rosa  sericea*  (va),  Berberis  spp.  (f),  Elshollzia  spp 

(f). 

Note. — The  first  two  species  greatly  predominate  and  form  a  closed  thicket  about 
2  m.  high. 


Typical  succcssional  phases  are  indicated  in  the  following  scheme  : — 


SUCC£SSIONAL 

RELATIONSHIPS  IN  THE  MIXED  CONIFEROUS 

TYPES 

OAK  -ABIES 

MOIST  DECIDUOUS- MIXED  CONIFEROUS  -fSCRUB)-  THACH 
FOREST  FOREST  V. 

PINE  -  SPRUCE  (DEODArV^^^^ 

LOWER  BLUE  PINE 
(SOME  DEODAR 
AND  SPRUCE) 

SCRUB 

ALLUVIAL-  BLUE  PINE 

1 

ALDER  -  POPLAR 

PURE  BLUE  PINE 
(AND  POPLAR) 

t 

SCRUB 

(SECONDARY 
SUCCESSION  ON 
CULTIVATED  LAND) 

(  ALLUVIAL 
PRIMARY 
SUCCESSION) 

( SECONDARY 
SUCCESSION  ON 
landslips  ETC) 

C2.  Upper  West  Himalayan  temperate  forests 

C2a.  Kharsu  oak  (Quercus  semecarpifolia) 

description.— The  oak  forms  a  dense  crop  about  15—20  m.  rarely  30  m.  high 
with  very  little  admixture  of  other  species.  The  trees  arc  hung  with  dark  green-brown 
moss  A  second  tree  storey  is  often  absent  hut  dense  brakes  ofdwarf  bamboo  are  a  mar 
Td  -aturrin  many  places  though  sometimes  missing,  particularly  on  southern  aspects. 
The  ;  is  rerv  glerahy  a  ground-cover  of  mostly  deciduous  shrubs  w.th  a  varytng  amo¬ 
unt  ograslTrns  aid  herbaceous  growth.  Scattered  silver  fir  “ 

some  blue  pine  and  spruce  and  in  sheltered  " 

At  the  top  of  the  altitudinal  range  it  merges  into  the  sub-alpine  torests 
and  birch,  but  it  often  abuts  directly  on  the  alpine  pastures. 
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Plate  84 
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Pure  Quercus  semecarpifolia 


KHARSU  OAK  FOREST 

on  a  ridge  at  3000  m.  Narkunda,  Simla  Hills,  Pu„iab. 


T  \/  r\ 
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DISTRIBUTION. — All  along  the  outer  and  moister  ranges  of  the  W.  and  C.  Hima¬ 
layas  (except  in  Kashmir)  between  about  2,500  m.  and  3,300  m.,  particularly  on  southern 
aspects  and  scarp  slopes. 

LOCALITY  FACTORS. — No  climatological  data  are  available  but  heavy 
snowfall  is  usual,  and  the  summer  is  short  and  largely  coincident  with  the  monsoon  rain¬ 
fall.  The  oak  only  comes  into  new  leaf  late  in  May  and  frosts  occur  at  the  end  of  Sep¬ 
tember.  Hail  storms  are  common  in  April-May  and  often  strip  the  old  foliage. 

ILLUSTRATION.— Plate  84. 


FLORISTICS.— 

(i)  Dhakuri,  C.  Almora  Division,  Kumaon.  2,900  m.  N.  aspect. — • 

I.  Quercus  semecarpifolia*  (va),  Betula  alnoides  (o),  Pyrus  lanata  (f),  Quercus  dilatata 
(o),  Acer  caesium  (0),  Abies  pindrow  (If). 

IL  Meliosma  dilleniaefolia  (o).  Rhododendron  arboreum  (f),  R.  barbatum  (o),  Sorbus 
foliolosa  (o),  Betula  utilis  (o). 

Ha.  Thamnocalamus  spathijlorus  (ya,) ,  Thamnocalamusjalconeri  (i). 

III.  Rosa  sertcea  (f),  R.  macrophylla  (f).  Viburnum  foetens  (a),  Cotoneaster  acuminata 
(f),  Strobilanthes  wallichii  (f),  kibes  glaciate  (o),  Salix  elegans  (f). 

IVb.  Thetypicalgrasseshavebeenlistedby  MOHAN  (1955)  and  SETH  (1954). 

V.  Clematis  montana,  Vitis  himalayana,  etc, 

(ii)  Garhwal  Himalaya,  3,350  m.,  S.  E.  aspect.  (OSMASTON).— 

1.  Quercus  semecarpifolia*  {va,) ,  Abies  pindrow  (o),  (21 — 24  m.). 


Ila. 

III. 

IVa. 


Thamnocalamus  spathiflorus  (va),  Arundinaria  jaunsarensis  (va). 
hosa  sertcea,  R.  macrophylla,  Cotoneaster  acuminata,  Salix  elegans  1  •  / 

S,rob.Un,H,s  alropurpuuu,.  Viburnum  foeUns,  V.  slMulatum,  vicoUniZC  - 

D,scon..nuous  growth  ofmostly  perennial  herbs;  moss«  and  ferns  abun- 


IVb*  Occasional  tufts  of  grass, 
V.  Few  deciduous  lianas* 


(Hi)  Dentan,  Cbakratu,  Jaunsar,  U.  P.  Sample  Plots)  Preseroalion  Plot  M.  a,  (.n,,,-, 
IL  Euonymus  tingens  (0),  E  laceruc  n  , 
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Ila.  Thamnocalamus  spathijlorus  (If). 

III.  Rosa  macrophylla  (a),  Lonicera  angustifolia  (a),  Jasminum  humile  (f),  Rubus 
niveus  (a),  Smilax  vaginata  (f),  Elsholtzia  ^o),  Sarcococca  (f),  Berberis  spp.  (f), 
Rhamnus  purpureus  (o),  Strobilanthes  wallichii  (f),  Skimmia  laureola  (if). 

IVa.  Polygonum  speciosum  (a),  Senecio  rubricaulis  {a),  Fragaria  vesca  {a),  Geranium  wal- 
lichianum  (f),  Viola  spp.  (a),  Valeriana  hardwickii  (f),  Crepis  spp.  (f),  Polygo- 
natum  verticillatum  (f). 

(iv)  Daranghati,  Bashahr,  Himachal  Pradesh,  2,805  m. 

(MOHAN  and  PURI) 

I.  Quercus  semecarpifolia  (aa),  Picea  smithiana  (f),  Pinus  wallichiana  (o). 

II.  Rhododendron  arboreum  (f).  Ilex  dipyrena  (o),  Prunus padus  (o). 

III.  Cotoneaster  bacillaris  (f),  Viburnum  cotinifolium  (f),  Rosa  macrophylla  (o). 

IVa.  Geranium  wallichianum  (a),  Fragaria  vesca  (a),  Rumex  spp.  (a),  Viola  canescens  (f) , 
Anemone  rivularis  (f),  Fems  (a). 

IVb.  Grasses  (a). 


Ecological  Note. — It  was  observed  in  the  kharsu  forest  near  Kadrala,  Hi¬ 
machal  Pradesh,  that  the  Abies  seemed  unable  to  penetrate  the  oak  canopy  where  dense, 
even  after  reaching  the  lower  level  of  the  crown,  though  it  could  continue  to  grow  under 
heavy  shade  and  get  through  any  small  gap.  Regeneration  of  the  oak  is  often  in  dense 
thicket  form  in  which  it  would  be  difficult  for  the  conifer  to  establish  itself.  Whilst  this 
observation  supports  the  oak  climax  view,  it  may  equally  well  be  restricted  to  these  parts 
of  the  general  site  that  are  particularly  favourable  to  the  oak  or  unfavourable  to  the  fir. 


C2b.  West  Himalayan  Upper  oak— fir  forest 

nomenclature. — This  type  is  very  generally  already  well  known  as  the  oak- 
fir  forest  (OSMASTON),  but  this  descriptive  term  is  often  taken  to  include  the  upper 
KJrrh  fir  forest  which  extends  up  to  the  timber  limit  and  is  here  distinguished  as  sub-alpine 
Lest  SVRVs  Abies-Betula-Quercus  type  and  GORRIE’s  Silver  fir-kharsu  oak  arc  both 

included  in  part. 

nFSGRIPTION.— Typically  a  two  storeyed  high  forest  with  the  silver  fir  standing 
•  1  in  strips  and  groups  over  oak  and  other  evergreen  and  deciduous  trees,  the  two 

together  foLing  a  fairly  complete  cover.  There  is  always  more  cr  less  shrub 
vL  the  soil  and  I  luxuriant  herbaceous  growth  during  the  summer  except  where 
foTdense  Bembeo  is  localiy  abundant  but  often  absent.  Ciintbers  are  rela¬ 

tively  few,  but  the  oaks  carry  a  conspicuous  mantle  of  mosses. 

niSTRIBUTION.-Alcng  the  higher  ranges  of  the  W.  and  C.  Himakyas  east- 
d  „  Nenal  belwe-n  a, 600  and  3,400  m.  especially  on  northern  aspects  and  sheltered 
T,  e'l  abrvr.L  mixed  conirous  forest  too  high  for  deodar  though  spruce  may 


occur. 
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LOCALITY  FACTORS. — No  climatological  data  are  available.  The  sites  oc¬ 
cupied  are  under  snow  for  several  months  in  the  winter.  The  drier  warmer  sites  bet¬ 
ween  the  zonal  limits  mentioned  tend  to  be  occupied  by  pure  cak  h  rest  but  the  type 
persists  into  regions  with  a  lower  rainfall,  melting  snow  ensuring  the  presence  cf  adequate 
moisture  supplies.  Fire  is  of  exceptional  occurrence  but  far-reaching  in  Its  effects; 
it  checks  the  hr  to  the  benefit  of  deodar  and  blue  pine  (cf.  for  Instance,  TREVOR,  Work¬ 
ing  Plan  for  Kulu  division  1919,  para.  74).  Grassy  meadows  are  typical  and  more  exten¬ 
sive  than  in  the  lower  zone  and  often  join  up  with  the  true  alpine  pastures  above  tree- 
limit.  A  deep  moist  humus  layer  is  usually  present. 


FLORISTICS.— 

(i)  Dhakuri,  S.  Almora  Division,  U.  P.  3,000  m. — 

L  Abies  pindrow*  (a.) . 

11.  Quercus  semecarpifolia  (a),  Q,.  dilatata  (f),  Pyrus  lanata  (f),  khododendron  arboreum  (f), 
R.  barbatum  (If),  Sorbus  foliolosa  (o). 

Ila.  Arundinariajaunsarensis  (If),  Thamnocalamus  spathiflorus  (If). 

III.  kosa  macrophylla  (f).  Viburnum  foelcns  (la),  Berberis  vulgaris  (f),  Strobilanthes  sp.(a), 
Smilax  veginata  (f). 


(ii)  Garhwal  Himalaya  (moist) .  (OSMASTON). — 

I.  Abies  pindrow*,  Picea  smithiana  (r). 

II.  Quercus  semecarpifolia*,  Q,.  dilatata,  Ulmus  wallichiana,  Aesculus  indica,  Acer 
caesium,  Corylus  colurna,  Taxus  baccata. 

Ila.  Thamnocalamus  spathiflorus,  Arundinaria  jaunsarensis. 

III.  Strobilanthes  spp.,  kubus  niveus,  Sarcococca  pruniformis,  Wikstroemia  canescens, 
Rosa  macrophylla,  Skimmia  laureola,  Syringa  emodi.  Viburnum  spp. 

V .  Vitis  semicordata,  Schizandra  grandiflora,  Hedera  nepalensis . 

(iii)  Deoban,  Chakrata  Division,  Jaunsar  (cf.  Sample  Plot  45) — 


1. 

II. 

lla. 

HI. 


INa. 


Abies  pindrow*,  Picea  smithiana  (r). 

Quercus  semecarpifolia*  (o),  Q,.  dilatata  (r),  Acer  caesium  (o),  Meliosma  dilleniaefolia 
(r),  Euonymus  lacerus  (r),  Ilex  dipyrena  (r). 

Thamnocalamus  spathiflorus  (r). 


kosa  macrophylla  (a),  kubus  niveus  (a),  Lonicera  angustifolia  (r),  Smilax  vaginata 
(aj,  Viburnum  stellulatum  (f),  Strobilanthes  spp.  (f),  Berberis  spp.  (o).  Asparagus 
fitcinus(o).  Viburnum f oetens  (o),  Salix  elegans  (r),  Rhamnus  purpureus  frl 
Jasminum  humile  (t).  ' 

Ainsbaea  aptera  (a),  Ophiopogon  (a),  Polygonum  speciosum  (a),  Valeriana  hard- 
wickn  (f),  PodopKyllum  hexandrum  (f). 
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V.  C/ma/iV  spp.  (o),  Vitis  semicordata  (o),  Hedera  {a). 

(iv)  Pulga,  Parbaiti  Valley,  Kulu,  Punjab.  2,600 — 2,750  m.  — 

I.  Abies pindrow*  (a),  Pinus  wallichiana  (If),  Picea  smithiana  (lo). 

II.  Acer  spp.  (o),  Taxus  baccata  (o),  Corylus  colurna  {o) ,  Quercus semecarpifolia*  (o), 
Pyrus  lanata  (o). 

III.  Posa  sericea  (f),  A.  macrophylla  (f).  Viburnum  foetens  (la),  Rubus  niveus  (a), 
Smilax  vaginata  (f).  Spiraea  spp.  (o) ,  Aeriem  spp.  (i),  Indigofera gerardiana  {(), 
Strobilanthes  wallichii  (la),  Viola  serpens  (f). 

IVa.  Fragaria  vesca  (f),  Ainsliaea  aptera  (f),  Valeriana  wallichii  (f),  Galium  asperi- 
folium  (f),  Adiantum  venustum  (la). 

(v)  Sutlej  Valley  (GORRIE).— 

I.  Abies  pindrow*. 

II.  Quercus  semecarpifolia* ,  Betula  alnoides,  B.  utilis,  Acer  spp.,  Sorbus  foltolosa. 

Ila.  Arundinaria  spp. 

III.  Spiraea  bella,  Cotoneaster  acuminata.  Rhododendron  campanulatum,  Strobilanthes 
spp..  Viburnum  nervosum. 

IVa.  Fragaria  vesca.  Podophyllum  hexandrum,  Senecio  spp..  Spiraea  spp. 

V.  Vilis  semicordata,  Schizandra  grandifiora. 

General  Note. — As  a  rule  the  silver  fir  forest  would  appear  to  be  a  true  climatic 
climax.  GLOVER  (1931)  and  SURI  (1933)  suggested,  however,  that  in  their  view, 
it  is  not  able  to  maintain  itself;  an  understorey  of  Taxus  becomes  established  in  which 
it  cannot  regenerate,  and  when  in  time  the  overmature  trees  decay  and  fall,  a  new  suc¬ 
cession  takes  place  from  a  shrub  association  to  the  temperate  deciduous  forest  under  which 
snrucc  and  fir  again  become  establisied.  In  this  connection,  PARKER  (1942)  adduced 
evidence  supporting  his  view  that  the  climax  type  is  an  intimate  mixture  of  sdver  fir  and 
broadleaved  species;  the  conditions  for  regeneration  have  been  fundamentally  altered 
bv  the  very  heavy  grazing  and  lopping  to  which  the  forests  have  been  subjected,  parfi- 

rnlarlv  eirly  in  the  season  before  the  herbaceous  growth  has  developed.  It  will  be 

that  the  typical  form  or  species  of  fir  here  is  Abies  pindrow,  A.  spectabihs  replacing  it 
Tn  the  sub-alpine  forests  above  (cf.  RAIZADA,  i960). 

C2C.  Moist  temperate  deciduous  forest 

This  type  has  already  been  described  on  p.  307. 

C3.  East  Himalayan  moist  temperate  forest 

This  type  is  subdivided  for  convenience  into  two  subtypes,  viz., 

(a)  East  Himalayan  mixed  coniferous  forest. 

'  (b)  Abies  delavayi  forest. 


Sub-type  12/(73a 
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C3a.  East  Himalayan  mixed  coniferous  forest 

•i^OME^GLM:\JKE.—Rhododendron-Tsuga-Abies  hylium  of  BOR. 

DESCRIPTION  — A  dense  evergreen  forest,  with  oak  and  Rhododendron  predomi¬ 
nating  but  with  groups  of  hemlock  of  varying  extent  on  the  drier  ridges.  The  hemlock 
gradually  gives  way  to  silver  fir  at  the  higher  elevations  and  the  transition  to  the  wet 
temperate  forest  is  very  gradual.  With  the  oak  are  mixed  deciduous  trees  such  as  Mag¬ 
nolia,  Acer,  Betula  to  a  varying  extent.  There  is  usually  a  dense  undergrowth,  most  usual- 
ly  of  bamboo,  and  in  its  absence,  o^ Rhododendron  spp.,  and  other  evergreen  shrubs.  Most 
of  the  trees  are  hung  with  epiphytic  mosses  and  other  epiphytic  growth  is  also  abundant. 

DISTRIBUTION. — From  the  Sikkim  Himalaya  (except  outermost  ranges)  east¬ 
wards  to  the  Mishmi  Hills,  NEFA,  and  westwards  into  Nepal  with  a  possible  outlier  in 
E.  Almora,  U.  P.,  where  pure  hemlock  forests  occur  in  some  blocks. 

LOCALITY  FACTORS.— The  altitudinal  zone  occupied  is  about  2,300  to  3,000 
m.  rather  higher  than  that  of  the  western  form  equated  with  the  present  one. 

Rainfall  data  are  not  available,  but  it  is  estimated  to  be  between  1,250—  2,000  mm. 
The  figures  given  for  Kalimpong  illustrate  its  seasonal  distribution;  the  monsoon  breaks 
earlier  than  in  the  west  and  continues  longer,  but  the  winter  months  are  drier. 

Temperature  data  are  likewise  not  available.  The  Darjeeling  figures  (p.  284) 
refer  to  approximately  the  right  altitude  but  must  reflect  the  effects  of  heavier  rainfall 
and  the  many  rainy  days  (p.  285). 

The  Sikkim  grazing  grounds  seem  to  be  more  in  the  fir  zone  than  in  the  hemlock  but 
the  forests  have  suffered  a  good  deal  from  shifting  cultivation  and  fires,  the  latter  encourag¬ 
ing  the  spread  of  Arundinaria. 

ILLUSTRATIONS.— cf.  Plate  99;  TROUP,  Figs.  483  {Tsuga),  473  {Abies). 

FLORISTICS.— 

(i)  Ramam  Darjeeling  Division,  W.  Bengal  {Sample  Plots  and  Preservation  Plot  ISo.  ii, 

2,750  m.)— 

I.  Tsuga  dumosa*  (a),  Abies  dznsa  (0). 

H.  Quercus pachyphylla*{a),  Q_.  lineata  (f),  Acer  campbellii  (o).  Magnolia  campbellii  (r), 
Betula  utilis  (r),  Taxus  baccata  (ij.  Rhododendron  arboreum  (a),  R.  grande  (o) 
Brassaiopsis  alpina  (r) ,  Symplocos  phyllocalyx,  Acer  pectinatum. 

Ila.  Arundinaria  malinga?  (va). 

III.  Daphne  camabin.  m,  hubus  nwm  m,  B,rberh  aHsla, a  Piptanthus  n,pdensh 

IVa.  Ferns  abundant. 

Note.  Some  of  the  Tsuga  are  over  6  m.  in  girth. 
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(ii)  Below  Sandakphu,  Darjeeling  Division,  W.  Bengal  {Sample  Plot  21  and  Preservation 
Plot  13) — at  3,500  m. 

I.  Abies  densa*. 

II.  Rhododendron  arboreum  (f),  R.  cinnamomum  (f),  R.  barbatum  (o),  R.  hodgsoni  (o), 

Betula  utilis  (o). 

lla.  Thamnocalamus  aristatus*  (va). 

III.  Rosa  sericea  (f),  Berberis  aristata  (a),  Rubus  spp.  (a). 

IVb.  Some  ^^lekh  dubo"  grass. 

Note. — The  area  described  is  near  the  top  limit  of  the  type  where  oaks  have 
practically  dropped  out. 

General  Note.— This  oak-conifer  type  appears  to  occupy  a  position  midway 
between  the  wet  and  moist  temperate  types  as  it  is  found  in  the  middle  ranges  apparently 
still  too  moist  to  permit  of  the  occurrence  of  Pinus  wallichiana  and  spruce,  but  the  Tsuga 
extends  well  int)  the  dry  inner  valleys  with  the  spruce  as  in  the  Lachen  V  (SHEBBEARE 

1934)- 

C3b.  Abies  delava  yi  forest 

ILLUSTRATION.— Plate  85. 


FLORISTICS.— 

Balipara  Frontier  tract,  Assam  (BOR) — 

I.  Abies  delavayi*  {d.) . 

II  &  III.  Rhododendron  falconeri,  R.  barbatum,  R.  hodgsoni,  R.  filgens,  R.  keysii,  R.  maddent, 
Lyonia  ovalijolia,  Litsea  sericea. 

I  la.  Thamnocalamus  aristatus. 

N0TE.-^4i«  ddamyi,  a  Chinese  species  common  in  Szechuan,  occurs  m  reniark- 
ably  pure  stands,  confined  to  the  northern  slopes  of  P.n  between  u., 50-3, 350  m.  It 
is  upto  20  m.  tall  and  attains  a  girth  of  2  m. 

degradation  stages  of  himalavan  moist  temperate  forests 

DSi.  Montane  bamboo  brakes 

nomenclature.— Mountain  Bamboo  brake,  Rmgal  (W.  Himalaya),  Mating 
(E.  Himalaya). 

DESGRIPTION.-Dense,  almost  impenetrable 
Arundinaria  and  related  genera  and  often  ^n  ^he  older  bamboos.  A  herb- 

the  damper  regions  there  may  be  much  epip  y  Transitions  with  a  scat- 

aceous  flora  covers  the  soil  wherever  enough  light  penetrates. 

ered  overwood  are  numerous. 
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Plate  86 


Dense  Arundinaria  spp.  in  fir  forest'r!!^^^  BAMBOO  BRAKES 

Low.  BashaKr  O, vision. 


r 


A.  L.  Griffith 
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Plate  87 


HIMALAYAN  TEMPERATE  PASTURES 

Mature  Abies  pindrow,  Pinus  wallichiana,  Picea  smithiana  with  Quercus  semecarpi folia 
at  edge  of  pasture.  Bharach  Thach,  Jubbal,  Himachal  Pradesh. 

H.  G.  Champion 
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DISTRIBUTION— Throughout  the  moist  temperate  forests  of  the  Himalaya 
E.  Punjab  to  the  N.  E.  Frontier  and  also  in  the  Nilgiris. 

T  orAT  TTY  FACTORS.— The  high  level  bamboos  are  commonly  present  as  an 

where  the  tree  canopy  is  broken  from  whatever  cause  and  e  ec  ive  y  particularly 

ration  In  many  parts  of  the  E.  Himalayas,  burning  is  an  important  factor  particu  a  y 
after  the  bamboo  has  flowered  and  died  as  fires  sweep  up  the  slopes  killing  the  standing 
trees  both  broadleaved  and  coniferous  and  pure  bamboo  brake  results. 


ILLUSTRATION,— Plate  86. 

NoTE.-There  are  extensive  areas  of  this  type  in  Darjeeling  district  (cf.  COWAN) 
and  in  the  North  East  (cf.  BOR)  mainly  due  to  fires. 

DSa.  Himalayan  temperate  parkland 

DESCRIPTION, — Open  parklike  land  with  scattered  large,  misshapen  and  often 
moribund  trees  of  the  species  typical  of  the  temperate  deciduous  forest  with  or  without 
coniferous  trees  also,  over  a  grassy  turf  full  of  flowers  in  spring,  and  often  with  browsed 
clumps  of  Berberis,  Lonicera,  Arundinaria,  Cotoneaster ,  or  patches  of  inedible  shrubs  such  as 
Viburnum  foetens  and  herbs  such  as  Iris  and  Osmunda. 

DISTRIBUTION.— Thoughout  the  upper,  the  middle,  and  uppermost  part  of  the 
lower  oak  forests  of  the  Himalaya. 

LOCALITY  FACTORS.— Derived  from  the  temperate  deciduous  forest,  and  pro¬ 
bably  extended  into  the  associated  coniferous  types  by  grazing  and  its  concommitants, 
lopping,  barking  and  burning,  which  have  thinned  out  the  forest  to  a  varying  degree, 
destroyed  all  undergrowth  except  for  patches  of  inedible  species,  and  replaced  the 
shrub  by  ground  cover  by  a  close  grassy  turf.  Although  surface  denudation  is  slight,  the 
soil  structure  is  altered  by  exposure,  treading  and  the  presence  of  the  grass  mat,  and  espe¬ 
cially  where  clayey  it  is  generally  rendered  unfavourable  to  tree  regeneration.  At  the 
higher  elevations  the  Increased  exposure  to  wind  and  cold  and  the  greater  accumulation 
of  snow  are  also  factors  inimical  to  recolonisation  by  tree  species.  The  locally  heavy 
manuring  by  cattle  dung  also  has  a  marked  effect  on  the  composition  of  the  ground  flora. 


ILLUSTRATION.— Plate  87. 


FLORISTIGS. — Prunus  padus  {P.  cornuta)  is  very  characteristic  as  it  is  less  lopped 
than  the  other  trees,  and  Acers  are  usually  among  the  last  survivors.  Walnut  Is  frequent 
in  the  northwest. 


Dense  growth  of  Rumex  nepalensis  marks  the  site  of  sheep  and  cattle  pens. 

GORRIE  (1933)  lists  the  species  occurring  in  this  type  and  the  original  mixed 
deciduous  forest  {loc.  cit.  pp.  39 — 42).  SETH  (1954)  lists  the  common  grasses. 
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DS3.  Himalayan  temperate  pastures 

Wnere  grazing  has  taken  place  in  the  temperate  forests,  favourable  sites  on  ridges  and 
the  greater  slopes  especially  where  moist  or  near  water,  have  gradually  been  cleared 
passing  through  the  Parkland  stage  to  open  grassland. 

AGARWAL  (1959)  has  made  a  study  of  these  Himalayan  grasslands  as  represented 
in  Jaunsar,  Uttar  Pradesh,  and  lists  the  following  grasses  as  common  in  the  mixed  coni¬ 
ferous  forest  zone— Frjtwra  spp.,  Agrostis  spp.,  Calamagrostis  spp.,  Dactylis  glomerata,  Bromus 
spp.,  Danthonia  spp.,  and  many  others.  Lower  down  in  the  deodar  and  ban  oak  forests, 
these  grasses  are  mixed  with  tropical  species,  notably  Themeda,  Heteropogon,  Chrysopogon 
etc.  Also  see  SETH  (1954). 

ILLUSTRATION.— Plate  87. 

subsidiary  EDAPHIC  and  SeRAL  types  of  HIMALAYAN  MOIST  TEMPERATE  FORESTS 

El.  Cypress  forest 

DESCRIPTION.- Typically  very  open  forest  of  scattered  trees  on  steep  rocky 
ground  with  xerophytic  shrubs  and  little  grass,  the  trees  being  10 — 25  m.  high  and  bran¬ 
chy  to  the  base.  It  is  capable,  however,  of  excellent  growth  with  a  height  up  to  45  m. 
and  may  form  an  uneven  but  fairly  closed  wood  with  a  filling  and  second  storey  of  oak 
and  other  evergreens,  or  more  or  less  bamboo. 

DISTRIBUTION. — Throughout  the  outer  and  middle  ranges  of  the  Himalaya 
from  Ghamba  (H.P.)  to  the  Aka  Hills  (NEFA)  at  1,800  to  2,800  m.,  rarely  in  extensive 
blocks. 

LOCALITY  FACTORS. — Cypress  forest  is  most  frequently  met  with  on  limestone 
rocks  which  provide  relatively  dry  soil  conditions,  particularly  on  screes  of  limestone 
shales.  It  is  very  sensitive  to  fire  which  may  be  influential  in  determining  its  distribu¬ 
tion  and  provide  a  reason  why  it  is  limited  to  steep  ground  without  much  grass  growth 
except  where  a  mesophytic  evergreen  undergrowth  protects  it  (Naini  Tal). 

ILLUSTRATION.— Plate  88. 

FLORISTICS.— 

(i)  Mini  Tal,  U.  P.  2,250  m.— 

I.  Cupressus  torulosa*  (a). 

II.  Qjxercus  dilatata  (a),  Q,.  incana  (f). 

I  la.  Thamnocalamus  falconeri  (If). 

III.  Abellia  triflora. 

(ii)  Wan,  Garhwal  Division,  U.  P.  Preservation  Plot  No.  8  ( 1 936),  2,600  m.— 

I.  Cupressus  torulosa*,  Cedrus  deodara  (n). 

II.  Juglans  {o),  Pvrus  pashia  {(). 
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CYPRESS  FOREST 

7FRI&C/64]  Magnificient  grove  of  lofty  trees  (Temple  grove).  Wan,  North  Garhv/al  Division,  Uttar  Pradesh.  £.  C.  Mobbs 
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III.  Cotoneaster  bacillaris  (If;,  Prinsepia,  Salix  sp.,  Berberis  sp.,  R'jsa  sp. 

Note. — This  plot  is  an  exceptional  temple  grove  with  trees  upto  8.7  m.  girth. 

ECOLOGICAL  STATUS.— BOR  considers  this  a  preclimax  in  the  Aka  Hills  oc¬ 
curring  on  limestone,  but  believes  that  it  once  covered  a  much  larger  area  than  it  does 
now,  having  lost  ground  from  fires  which  Pinus  wallichiana  is  better  able  to  withstand. 
The  nature  of  its  occurrence  certainly  suggests  that  its  presence  is  due  primarily  to  soil 
conditions  on  which  it  is  able  to  compete  successfully  with  the  other  species  and  types  of 
the  moist  temperate  zone. 


iSi.  Alder  forest 

DESCRIPTION. — Typically  nearly  pure  forest  20 — 30  m.  high  as  a  strip  of  varying 
width  along  stream  sides,  spreading  out  to  larger  areas  on  landslips  and  screes  (OSMAS- 
TON  reports  upto  40  ha) ;  more  or  less  deciduous.  An  underwood  may  or  may  not  be 
present,  its  amount  and  composition  depending  on  site  and  conditions.  In  the  lower 
courses  of  the  streams  where  the  fringe  of  alder  is  the  only  remaining  tree  growth  owing 
to  cultivation,  there  is  often  an  under  growth  of  inedible  or  thorny  shrubs,  whilst  in  the 
better  wooded  tracts  progression  starts  early  and  other  species,  notably  blue  pine  and 
other  conifers,  are  usually  present. 

DISTRIBUTION.— Along  the  banks  of  the  larger  stream.,  sometimes  extendine  up 
ravines  and  moist  unstable  hill  sides  along  the  whole  Himalayan  range,  but  absent  from 
Kashmir. 


LOCALITY  FACTORS. — Limited  to  sites  with  permanent  water  supply.  It  oc¬ 
curs  on  newly  formed  shingle  beds  along  the  streams,  and  on  landslips  and  screes  where 
not  too  dry;  also  on  river  banks  with  the  roots  often  exposed  in  the  watei,  and  in  wampv 

ground  Mycorrhiza  are  known  to  occur  on  the  roots.  The  altitudinal  ranee  is  a  wide 

one  extending  from  the  lower  oak  downwards  into  the  subtiopical  belt  to  about  i  000 
m.  in  the  west,  and  upwards  through  the  middle  and  upper  oak  to  about  3,000  m’  As 
would  be  expected  the  range  also  extends  well  into  the  dry  temperate  regions 

ILLUSTRATION.— Plate  89. 

FLORISTICS.— 

(i)  Beas  V alley ,  Kulu^  Punjab, — 

I.  Alnusnitida*,  Populus ciliata  ^o),  Ulmusvillosa  (a),  Celtiss^.  (o) 

IL  Crataegus  crenulata  ^a),  Sarcococca  (la^  Spiraea. 

III.  Plectranthus  sp.  (la),  Berberis  sp.  (a),  Prinsepia  (f). 

(ii)  Kumaon  and  Garkwal— 

I.  Alnus  nepalensis*,  Populus  ciliata. 

(iii)  Bengal. — 


I.  Alnus  nepalensis*,  Trema  orientalis. 

(iv)  jV.  E.  F.  A.— 
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BOR  (1938)  described  a  Populus — Alnus  hvlis  as  occurring  at  1,800  to  2,000  m.,  in 
steep  valleys  on  hill  wash  in  the  Aka  Hill,  which  appears  to  belong  here.  With  the 
tow  dominants  occur  f^raxinus  floribmda,  Prunus  nepalensis,  Machilus  edulis  and  occa¬ 
sionally  Pinus  walhckiana. 


182.  Riverain  blue  pine  forest 

DESCRIPTION. — ^Irregular  often  dense  stands  of  blue  pine  with  occasional  Picea 
and/or  Cedrus,  and  sometimes  Populus  and  Alnus  with  little  01  no  urdeigrowth  at  first, 
but  often  becoming  more  open  with  inedible  or  thorny  shrubs,  if  grazed. 

DLSTRIBUTION. — Throughout  the  coniferous  belt  from  1,700  to  3,00c  m.  on  new 
alluvial  cleposite. 

FLORISTIGS.— 

I.  Pinus  wallichiana*  (a),  Picea  (o),  Cedrus  (o),  Populus  (o),  Alnus  (o). 

II.  Berberis  sp. 

ILLUSTRATION.— Plate  90. 

iSfoTE. — This  type  is  found  on  shingle  banks  in  or  bordering  the  mountain  streams 
wherever  there  is  a  source  of  seed.  It  may  be  eroded  after  a  period  or  may  gradually 
develop  a  soil  and  progress  to  the  coniferous  type  appropriate  to  the  altitude. 


2S1.  Low-level  blue  pine  forest 

DESCRIPTION.— These  forests  from  the  nature  of  their  origin  are  typically  more 
or  less  evenaged  with  blue  pine  pure  or  strongly  predominating.  Some  deodar  is  often 
intermixed  where  a  seed  source  has  been  present;  similarly  spruce  on  cool  moist  sites. 
They  tend  to  be  dense  unless  thinned  out  by  fire,  and  to  have  very  little  undergrowth, 
the  ground  being  covered  with  a  layer  of  needles  through  which  more  or  less  grass  and 
herbaceous  growth  comes  up  in  the  summer.  On  southern  slopes,  especially  when  the 
growth  is  open,  there  is  a  good  deal  of  scrub  growth  of  Berberis,  Indigofera,  etc.,  which 
persists  in  varying  degree  as  the  pine  grows  up  and  closes. 

DISTRIBUTION. — The  whole  length  of  the  Himalayas  but  in  the  east  only 
in  the  inner  ranges  beyond  the  reach  of  heavy 

the  main  axis  in  Kumaon,  becoming  more  widespread  in  the  Punjab  and  N.  W.  At  a 
elevations  from  about  1,5®®  2,40b  m. 

locality  FACTORS.— The  sites  on  which  this  type  occurs  are  novv  umally  at 
the  lower  edge  of  the  (residual)  forest  on  moderate  slopes  (even  gentle  on  the  Kashinir 

f  nr,  ctpener  around  there  is  similar  evidence  that  a  loresi  covci  / 

CL.  a:d  wirh  .rociared  .opp.ng  -d  fuel  co.,ec.jon 

large  heavily  brarrehed  old  kad  rurv.ve.  bemg  ''"denUy  the 
crop.  Most  of  these  pure  blue  pine  crops  unquestionab  y 
duction  of  protection  50 — 70  years  ago. 
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RIVERAIN  BLUE  PINE  FOREST 

Riverain  Pinus  wallichlana  v/ith  few  deodar.  Babahar  Babal  Comptt.  I,  near  Nagar, 

Kulu  Division,  Punjab. 

H.  G.  Champion 


7  FRI&C/64] 


Facing  page  320 


Plate  91 


wc)//cManc  communlty^w^topped  mo^the^r  progeny, 


H.  C.  ChamOion 


r/a.i 
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ILLUSTRATION— Plate  91. 

FLORISTICS.— 

(i)  Surd,  Bashahr,  H.  P.  ,  2,400  m.  (after  PURI).— 

I,  Pinus  wallichiana*  (va),  Picea  (o). 

II.  None. 

III.  Desmodium  tiliaefolium  (a),  Indigofera  gerardiana  (a),  Rosa  macrophylla  (f), 
Berberis  sp.  (f),  Rubus  niveus,  Strobilanthes  sp.  (f). 

IVa.  Geranium  s^. (a),  Valeriana  sp.  (a),  Viola  sp.(a),  Ainsliaea  aptera,  (f),  Pteridium 
(f),  Iris  (If). 

V.  Clematis  sp.  (o),  Hedera  (o),  Rosa  moschata. 

(ii)  Batote  C  ii,  Jammu,  1,800  m.  — 

I.  Pinus  wallichiana*. 

II.  Qjaercus  dilatata  (o),  Q_.  incana  (o). 

III.  Viburnum  sp.  (va),  Sarcococca  (va),  Wikstroemia  (a),  Myrsim  (la). 

IVa.  Adiantum,  Fragaria. 

V.  Rosa  moschata. 

(iii)  Aka  Hills,  UEFA. —  '  ^ 

BOR  (1933)  describes  the  occurrence  of  blue  pine  associations  between  1,600  and 
2,800  m.  on  deep  moist  soils  at  the  foot  of  slopes  but  they  also  grow  well  on  dry  soils.  From 
the  context  they  appear  to  be  serai  in  status. 

ILLUSTRATION. — BOR,  Plate  12. 


GROUP  13.  HIMALAYAN  DRY  TEMPERATE  FORESTS 

I.  NOMENCLATURE 


Jammu  &  Kashmir  . 

Punjab  and  Himachal  Pradesh 


Uttar  Pradesh 


.  .  .  Dry  zone  deodar  forests  (Working  Plans) . 

.  Dry  zone  and  Arid  zone  formations,  including  VIII 
Ilex-neoza  pine;  IX,  Dry  zone  deodar;  XI,  Arid  zone 
neoza  and  XII  Arid  zone  deodar  (GORRIE) 

.  formation  (drier  parts  only)  (OSMASTON). 

2.  GENERAL  DESCRIPTION 


Essentially  an  open  formation  with  locallv  ringed  1 

perhaps  indicating  postclimax  conditions.  cLifers  predominaV  “suchT'^d'T 

trees  a,  occur  being  of  poorer  height  growth  and  occurring  either  ;crcL  am  u 
conifers  or  forming  more  or  less  cure  n-itehoQ  u  scattered  among  the 

form  a  continuous  cover  burr^ore  oL  ,  ”^  “"d  ">=y 

Epiphytes  and  climbers  hardly  occur. 
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3.  DISTRIBUTION 

The  inner  ranges  of  the  Himalayas  where  the  S.  W.  summer  monsoon  is  but  feebly 
felt  and  the  precipitation,  which  is  usually  under  1,000  mm.,  falls  mainly  as  snow  in  the 
winter  months;  Kashmir  (Ladakh),  Lahaul,  Chamba,  Bashahr,  inner  Garhwal,  Sikkim 
and  probably  N.  E.  F.  A. 

4.  LOCALITY  FACTORS 

The  altitudinal  range  is  from  about  1,700  m.  upwards.  Subtropical  vegetation  pene¬ 
trates  a  long  way  up  the  deep  valleys  of  the  biggest  rivers  into  the  dry  zones. 

Temperature  {centigrade) 

Himalayan  Dry  Temperate  Forests 


Month 

Kashmir 

GILGIT 

1,491  m. 

Kashmir 

LEH 

3.5>4  m. 

Mean 

Mean 

maximum 

Mean 

minimum 

Mean 

Mean 

maximum 

Mean 

minimum 

January  . 

• 

4-0 

7-9 

O'O 

—7-0 

—1-4 

— «3-3 

February 

•  7-1 

1 1  *4 

2-7 

—5-7 

0-6 

— 12*1 

March 

12*1 

16-9 

7-3 

0-4 

6-9 

— 6'  I 

April 

16-9 

22-3 

II-5 

6*  I 

130 

—0-9 

May 

21  '6 

27-9 

15-2 

10*2 

17-6 

2*8 

June 

26-0 

32-9 

ig-i 

14-3 

21  -8 

6-8 

July 

• 

28-7 

35-3 

22-1 

>7-4 

24-7 

I0'2 

August  . 

27-9 

34-2 

21-7 

17-1 

24-4 

9-8 

September 

23-4 

29-5 

17*2 

13-2 

20-9 

5-4 

October  . 

17*2 

23-2 

1 1  -2 

6-9 

4. 

14-6 

—0-7 

November 

I  I  *0 

i6-8 

5-2 

0-9 

8-2 

—8-4 

December 

5-5 

9-9 

I  *0 

—4-4 

1-8 

— 10'7 

M.  A.T . 

i6-8 

•  • 

5-8 

•  • 

Annual  mean  maximum 

22'4 

12-8 

•• 

Highest  record 

44’4 

33-9 

— - - 

Annual  mean  minimum 

I  I  '2 

— 1-3 

•  * 

•  • 

Lowest  record 

—6-1 

— 28-3 

•  • 

No.  of  years  .  .  •  • 

45 

60 

•  • 

■■ 
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GORRIE  (1933)  has  collected  some  approximate  data  for  soil  temperatures  in  U. 
Bashahr  at  2,150  m  and  2,750  m.  They  indicate  summer  maximum  at  the  surface  of 
about  54-4°  C.  and  51-7°  C.  respectively  and  of  22  G.  lower  (and  so  abou  32  ) 

at  a  depth  of  50  mm.,  the  corresponding  minima  being  a  little  over  ib 

Snowfall  is  important  in  this  type  of  forest  as  it  helps  to  maintain  the 
moisture  supplies  during  the  summer  months  when  there  is  little  rainfall.  The  snow  me 
is  highest  in  July  and  August,  and  the  forest  belt  is  mostly  clear  of  snow  early  in  May 
though  drifts  and  snow  bridges  last  till  August.  GORRIE  gives  some  rough  figures 

for  the  cumulative  depth,  P14;.,  2  •  I  m.  at  1 ,800  m.,  4  ■  3  ni"  at  2,440  rn.  and  5  5  ni*  at  35^50 

m.,  in  the  Ghini-Kailas  sector  with  about  60  mm.  total  precipitation  (as  water). 

Temperature. — Of  the  rainfall  stations  referred  to  above,  temperature  data  are  only 
available  for  Gilgit  and  Leh,  the  latter  being  at  subalpine  altitudes. 


Rainfall  {millimetres) 


Himalayan  Dry  Temperate  Forests 


Month 

Kashmir 

GILGIT 

1,491  m. 

Himachal 

Pradesh 

PU 

3,050  m. 

Himachal 

Pradesh 

KILBA 

1,890  m. 

Kashmir 

LEH 

3,514  m. 

January  ......... 

6 

53 

81 

10 

February  ......... 

7 

53 

87 

8 

March  ......... 

20 

81 

118 

7 

April . 

24 

56 

93 

6 

May 

20 

23 

62 

6 

June . 

9 

8 

40 

5 

July . 

10 

>5 

83 

12 

August  ....... 

>4 

15 

72 

*5 

September  ..... 

10 

13 

80 

7 

October  . 

D 

13 

23 

3 

November 

1 

8 

23 

1 

December 

3 

18 

35 

5 

Total  for  year  M.  A.  R. 

132 

356 

798 

83 

No.  of  rainy  days 

15 

62 

No.  of  months  with  less  than  50  mm. 

12 

8 

4 

12 

M.  A.  Humidity 

— 

49 

? 

No.  of  years 

45 

? 

59 

60 
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Soil  and  Topography. — The  type  is  confined  to  hilly  country  which  is  generally  similar 
to  that  occupied  by  the  nioist  temperate  forests,  and  most  of  it  is  on  steep,  often  rocky 
slopes.  All  main  rock  types  are  represented;  screes,  landslips  and  similar  features  are 
of  frequent  occurrence. 

Biotic  factors. — Fire  is  relatively  uncommon  as  from  the  open  nature  of  the  cover 
fire  does  not  easily  spread,  but  serious  damage  is  liable  to  occur  in  the  dry  summer  months 
in  the  better  stocked  areas.  Grazing  is  very  prevalent  and  has  a  marked  effect  on  the 
vegetation. 


5.  GENERAL  FLORISTIGS 

Conifers  predominate,  Gedrus  deodara,  Pinus  gerardiana  and  Juniperus  being  most 
characteristic,  with  Abies  and  Pinus  wallichiana  at  higher  elevations.  Among  the  broad¬ 
leaved  trees,  characteristic  xerophytic  species  of  the  moist  zone  genera  occur  such  as 
Acer,  Fraxinus  and  Quercus.  The  shrubs  are  similarly  largely  of  the  same  genera  as  in  the 
moist  zone  but  Artemisia,  Astragalus  and  Ephedra  are  most  typical.  GORRIE  (1933)  gives 
detailed  lists  of  associated  plants  in  the  Sutlej  Valley,  whilst  MOHAN  (1955)  has  listed 
the  typical  grasses. 


6.  SUBDIVISIONS 

Seven  climax  types  will  be  described  separately,  viz-, 

(i)  Western  types 

Cl .  Dry  broadleaved  and  coniferous  forest  {Quercus  ilex-P.  gerardiana) . 
C2.  Dry  temperate  coniferous  forest. 

2a.  Neoza  pine  forest  {P.  gerardiana). 

2b.  Dry  deodar  forest  {Gedrus) 

DSi.  Pohu  scrub. 

DS2.  Dry  temperate  scrub. 

(73.  {West  Himalayan  dry  temperate  deciduous  forest). 

C4.  West  Himalayan  high-level  dry  blue  pine  forest  {P.  wallichiana). 
C5.  West  Himalayan  dry  Juniper  forest  {J.  macropoda). 


(ii)  Eastern  types 


(76.  East  Himalayan  dry  temperate  coniferous  forest. 
El.  Larch  forest  {L.  griffithiana) 


Gl.  East  Himalayan  dry  Juniper  j  birch  forest  (J.  wallichiana). 

NnxF  Everereen  oak  and  its  broadleaved  tree  associates  are  confined  to  the  lower 
Note. — tivergreen  oan.  a  1  Coii  ^,.rr<-a<!cs  and  elevation  increases, 

IdtTak  ifLSdTo  I  coX  aTd'n,!::;  si'..;  .he  pine  don.ina.es  on  .he  ho..er 
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DRY  BROADLEAVED  AND  CONIFEROUS  FOREST 
wi<h  Q.erc„s  .ex  JKula,  Chini,  Upper  Bar  a  r  ,v,r,on. 

U  (Z  rhnrnh 
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slopes  even  to  3,000  m.,  mth 

mnUat'-'Dry^and  “Add”  zones  for  ,h.  Sutlej  Valley  as  may.be  advisable  for 

ttrltgemem  but  it  has  been  thought  preferable  toumte^^^^  . 

C.  Dry  broadleaved  and  coniferous  forest  (ftnerens  ilex-P.  gerardiana) 

nomenclature.—  ,  . 

General  •  -  Steppe  forest  (Q,.  ilex)  (SCHWEINFURTH). 

description.— An  open  forest  of  pine  rarely  exceeding  i6'm.  in  height  mixed 
with  evergreen  oaks  and  a  few  other  xerophytic  trees  which  together  may  form- a  fairly 
comp'ete  cover  at  least  on  sheltered  sites  and  cool  aspects,  but  genera  ly  leave  much  of 
ihe  soil  c,xposed.  There  is  a  fair  amount  of  low  shrub  growth,  definitely  xerophytic  and 
often  aromatic,  and  thin  grass.  Locally  the  pine  is  absent  and  oak  predominates. 


DISTRIBUTION. — The  inner  dry  Himalayan  valleys  from  l  ,600  m.  upwards  not¬ 
ably  in  the  Upper  Sutlej  and  Kishtwar  valleys. 

LOCALITY  FACTORS. — The  type  occurs  between  2,000  m.  and  2,440  m.  extend¬ 
ing  300  m.  lower,  on  cool  aspects  and  300m.  higher  on  southerly  exposures;'  The 
rarnfall  varies  from  about  660  mm.  to  900  mm.,  Kilba  being  fairly  representative. 


ILLUSTRATION.— Plate  92. 

FLORISTICS.— 

(i)  Kilba,,  U.  Bashahr  Division,  Punjab  (After  GORRIE) — 

I.  Pinus gerardiana*  {a),  Gedrus  deodara  {o),Quercus  ilex*  {a),  Acer pentapomicvm(o) 
Celtis  australis  (r).  ‘  ;  lo 

t 

II.  Fraxinus  xanthoxyloides  (o),  Rhus  succedanea  (o),  Parrotia  Jacquemontiana  (If), 
Olea  cuspidata  (If),  ^anthoxylum  alatum  (o).  '  '  ‘ 

c 

III.  Artemisia  mmtima{a) ,  A.  vulgaris  (a).  Daphne  oleoides  (If),  Plcctranthus  rugosus({), 
Rosa  webbiana  (f),  Berberis  spp.  (f),  Roylea  calycina  (If),  Lonkera  angustifolia  (lo), 
Sophora  mollis  (la),  Abelia  trijlora. 

'  4 

IVb.  Agropyron  longearistatum,  Agrostis  alba,  Eragrostis  nigra,  Perotis  indica,.  Phleum 
arenarium,  Setaria  viridis. 

V.  No  climbers.  -  ,  .  , 

♦  r»n..  •  ^ 

C2.  Dry  temperate  coniferous  forest 
Caa.  Neoza  pine  forest  (P.  gerardiana)  ~ 

NOMENCLATURE— Steppe  forest  (P.  gerardiana)  (SCHWEINFURTH).  ' 

DESCRIPTION.  Open  nearly  pure  pine  crops,  locally  with  some  deodar.  An 
equally  opc.i  shrub  growth  occurs  among  the  pine  but  a  great  deal  of  the  surface  is  bare) 
The  forests  are  much  frequented  for  the  collection  of  the  pine  seed, 

73— 7FRI&.C/64  ^ 
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DISTRIBUTION.— Inner  dry  valleys  of  the  West  Himalayas  including  the  Kisht- 
war  valley  but  not  Kashmir. 

LOCALITY  FACTORS. — Mainly  in  the  arid  zme  with  rainfall  less  than  500 
mm.,  falling  mainly  in  February  to  April.  The  forests  are  mostly  on  steep  slopes  and 
north  exposures. 

ILLUSTRATION.— Plate  93. 

FLORISTIGS.— 

,  Purbani,  U,  Bashahr,  Punjab,  about  500  m  n.  (rainfall  2,600  jnm  )  — 

I.  Pinus  gerardiana*  (a.),  Cedrus  deodara  (o) 

11.  Fraxinus  xanthoxyloides  (o). 

III.  Lonicera  hypoleuca,  Artemisia  maritima,  Daphne  oleoides,  Ephedra  gerardiana, 
Caragana  gerardiana.  Primus jacquemontii. 

Note.— This  is  GORRIE’s  (1933)  arid  zone  neoza  pine  forest.  He  gives  fuller  lists 
of  associated  species,  loc.  cit.,  p.  48. 

JHUNNA  SINGH  (1937)  has  provided  a  useful  commentary  and  supplement  to 
GORRIE’s  publication  with  special  reference  to  the  altitudinal  ranges  of  types  and 
species  in  their  relation  to  aspect. 

G2b.  Dry  deodar  forest 

DESCRIPTION. — A  nearly  pure  coniferous  forest,  broadleaved  trees  being  con¬ 
fined  to  the  moister  ravines,  etc.,  and  to  transitions  to  the  foregoing  type.  It  varies  from 
the  complete  canopy  formed  by  the  better  patches  of  deodar  to  a  very  open  crop  of  low 
branching  trees  in  the  more  arid  parts,  and  the  height  varies  correspondingly  from  20  m. 
or  more  down  to  14  m.  The  deodar  tends  to  be  gregarious  and  to  form  nearly  pure 
crops  on  the  moister  aspects  with  Pinus  gerardiana  on  the  drier,  but  open  mixed  crops  are 
comnDi  especially  in  the  more  arid  tracts  where  the  pine  extends  much  higher  up  the 
slopes  (eve.n  over  3,000  m.)  than  it  does  with  a  higher  rainfall.  Blue  pine  is  frequently 
present  and  may  also  occur  pure  over  limited  areas,  especially  at  the  higher  elevations. 
Its  status  is  uncertain  cf.  p.  328  and  p.  330. 

There  is  usually  a  good  deal  of  shrubby  undergrowth  including  many  species  common 
in  the  moist  deodar  type.  In  the  drier  and  m  sre  open  forests,  the  shrubs  are  more  markedly 
xerophytic  and  similar  to  those  of  the  QuercusIP.  gerardiana  type. 

DISTRIBUTION. — Inner  dry  valleys  of  the  W.  Himalaya,  especially  the  Upper 
Sutlej  and  Ghenab  (Kishtwar). 

LOCALITY  FACTORS. — This  type  is  met  with  from  elevations  of  about  2,100  m. 
up  to  the  alpine  forests  at  about  3,250  m.  The  rainfall  rarely  exceeds  1,000  mm.  and 
may  be  as  low  as  500  mm.  or  even  less.  The  summer  is  dry  and  much  of  the  precipitation 
is  in  the  form  of  snow,  the  gradual  melting  of  which  helps  to  check  the  drying  out  o  t  e 
soil.  The  figures  for  Kilba  and  Pu  may  be  seen  on  p.  323- 

ILLUSTRATION.— Plate  93. 


Facing  page  326 


C 

o 

E 

o 

VJ 


O 

..ri 

oo 

c 

CO 

Q. 

c 

<D 

0) 

4-* 

o 

(/) 

3 


"O 

<u 


=  !n 

Ul  o 
a:  ci.^ 

o  o  e 

U _ C  Ou 


to 

3 

k. 

TD 

U 


a. 

O 

i. 

c 

0) 

a. 

o 


(X 

r- 


Facing  page  327  Plat^  94 


o 

TD 

:3 

C3 

-C 

O 

CO 

O 


E 

•c 

(/) 

C9 


08 


E 

£ 


0) 

Q. 

O 

(/> 


CO 

D 

U 

00 

D 

X 

o 

a. 


<D 

N 

(d 

1. 

go 

Q} 

> 

O 

c 

cd 

c 

O 


<d 

"O 

o 

0^ 

•o 


zs 


o 

c 

o 

c 

o 

E 

0) 

3 

cr 

o 

o 


o 

Q. 


>0 


o 


s 


Sub-type  i‘^IC2bjType  t^jC2{DSl/ DS2) fC^ 


327 


FLORISTICS.— 

(i)  Kilba,  U.  Bashahr  Division,  Punjab  (813  min.  rainfall;  altitude  2,440  m.;  from  4 
Sample  Plots). 

I.  Gedrus  deodara*  (va) ,  Pinus  wallichiana  (o) ,  Picea  smithiana  (o) . 

II.  Corylus  colurna  (o). 

III.  Viburnum  cotinifolium  (f),  Desmodium  tiliaefolium{o) ,  Lonicera  quinquelocularis  (o) , 
Smilax  vaginata  {o) ,  Rubus  niveus  ,  Berberis  sp.  (f),  Plectranthus  rugo~ 
sus  (f). 

IVa.  Fragaria  vesca  (f),  Viola  camscens  (o),  V.  patrinii  (o),  Thalictrum  minus  (f). 
Salvia  glutinosa  (f),  Impatiens  spp.  (f). 

Note. — These  forests  are  on  a  northern  aspect  and  represent  the  moist  end  of  the 
range,  approximating  to  the  moist  coniferous  type  and  belonging  to  GORRIE’s  “dry 
zone  deodar”. 


(ii)  Chini,  U.  Bashahr  Division,  Punjab  (about  635  mm.  rainfaP,  altitude  2,440  m). 
I.  Gedrus  deodara*  (a),  Pinus  gerardiana  {(). 

II.  Nil. 

IVa.  Artemisia  maritima,  Lonicera  hypoleuca,  Microglossa,  Ribes  grossularia  Rosa 
webbiana,  Abelia  triflora.  ’ 

Note. -This  is  GORRIE’s  Arid  Zone  deodar.  He  gives  fuller  lists  of  associated 
vegetation,  loc.  cit.  p.  60. 


C2/DSi.  Pohu  scrub 

of  H  '  abundant  fellinr 

of  the  deodar  „  J.able  to  leave  the  Parrolia  in  full  possession  of  the  ground  some'  mes 
over  quite  extensive  areas,  notably  in  Kashmir.  ’ 

ILLUSTRATION. — Plate  94. 

C2/DS2.  Dry  temperate  scrub 

Clearing  of  the  forest  followed  by  grazing  and  sometimes  are  also  results  in  th  ^ 

velopment,  with  continued  grazing  mostly  by  sheep  and  eoat.  nf 

which  the  less  palatable  species  predomiLte  e  T  ZcZT  ^^^ub  cover  in 

spp^SCHWEINFURTH.  KasLir  sCb^JJa 

to  be  more  xerophytic  than  the  last.  ^  ^  appears 

C3.  (West  Hlnmlayan  dry  tomporato  deciduous  forest) 

The  temperate  deciduous  forest  extends  weU  i  ito  th-  rlrtr  ^  u  u  •  j  , 
axis,  with  rainfall  under  1,000  mm.  and  should  peiham  ^^^alayan 

moist  soils.  Development  is  naturallv  not  so  eood  bi^t  as  a  postclimax  on 

not  very  different.  OSMASTON  mentions  pure  woods  1  is 

upto  60  ha  in  extent  on  cool  northerly  aspects  between  2  L  ^  ^^^^rylus  colurna 

Garhwal  and  similar  forests  occur  in  Kashmir  a  H  M-  u  North 

men, may  o,gg«t, oil  watcrmpply  above  average  for fh^lte  ''''''‘'I” 
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C4.  West  Himalayan  high  level  dry  blue  pine  forest  (P.  wallichiana)  - 

DESCRIPTION. — Very  open  forest  often  heavily  infested  by  Arc^uthobium. 

DISTRIBUTION. — The  arid  zone  of  the  inner  Western  Himalaya  at  high  elevations 
of  3,000  m.  to  3,600  m.,  e.g.  Ladakh  and  Kanawar. 

LOCALITY  FACTORS. — 'With  rainfall  below  500  mm.,  the  forest  is  to'a  large  ex¬ 
tent  dependent  on  the  slow  melting  snow  beds  on  the  gentle  slopes  of  the  colder  northern 
aspects.  * 

'  ILLUSTRATION.— OSMASTON  (1922),  Plate  X. 

FLORISTICS.— (After  GORRIE).  ^ 

•  /  I.  Finns  wallichiana*,  P.  gerardiana,  Abies  spectabilis.  ^  .<  , 

II.  Betula  utilis,  Sorbusfoliolosa,  Rhododendron  campanulatum. 

■  \  ‘  III.  Juniperus  communis,  J.  wallichiana,  J.  macropoda.  Rhododendron  anthopogon,  Salix 

spp.,  Caragana  sp..  Ephedra,  Lonicera  spp. 

Note. — GORRIE  has  been  followed  in  according  this  type  climax  status  though 
it  merges  into  the  moister  High  Level  Blue  pine  sub-alpine  forest. 

C5.  West  Himalayan  dry  juniper  forest  (J.  macropoda) 

NOMENCLATURE.— Steppe  forest  {Juniperus  spp.)  (SCHWEINFURTH). 


DESCRIPTION. — An  open  evergreen  forest  of  low  height  with  a  varying  amount 
of  dry  evergreen  undergrowth. 

DISTRIBUTION. — The  innermost  arid  zone  of  the  Western  Himalayas  from  La¬ 
dakh  (Kashmir)  and  Lahaul  (Punjab)  to  Garhwal  (U.  P.)  at  2,500  to  4,300  m. 

LOCALITY  FACTORS.— Rainfall  probably  under  300  mm.  with  very  low  winter 
temperatures. 

ILLUSTRATION.— Plate  95. 

FLORISTICS— (OSMASTON).  .  • 

(ii)  pfiti,  Alaknanda  Valley,  Garhwal,  Uttar  Pradesh.— .  T  . 

I.  Juniperus  macropoda*  (5 — 8  m.  high). 

II.  Fraxinus  xanthoxy hides,  Rosa  webbiana,  R.  sericea,  Ribes  grossularia. 


C6.  East  Himalayan  dry  temperate  coniferous  forest  .  . 

NOMENCLATURE. — Temperate  coniferous  forest  of  continental  valleys-  (SCH¬ 
WEINFURTH). 

DESCRIPTION. — No  good  description  is  available  but  the  type  is  apparently 
a  mixed  coniferous  forest  of  hemlock  and  spruce  with  varying  amounK  of  blue^pine, 
“liver  Hr  and  juniper.  There  is  an  underwood  of  Rhododmdron  spp.  (Not  Seen). 
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WEST  HIMALAYAN  DRY  JUNIPER  FOREST 
Juniperus  macropoda  forest  near  Kyelang,  Lahul,  Punjab. 


N.  L.  Bor 


Type  i^KCG/EijCT) 


329 


DISTRIBUTION.-Inner  hills  of  Sikkim  and  adjoining  country;  absent  from  Dar-, 
.cling  district.  SHEBBEARE  (.93^  has 

the  Sikkim  Himalaya  and  adjoining  country,  whilst  SMITH  and  C  V  f  9  3J 
published  a  more  general  account  of  the  vegetation  of  the  Zemu  and  Lonakh  Va  eys 

of  inner  Sikkim. 


LOCALITY  FACTORS. — The  altitudinal  zone  occupied  is  about  2,700  to  3,400 
m.  Practically  no  climatic  data  are  available  but  the  rainfall  is  estimated  at  under  1,500 
mm.  and  must  be  a  good  deal  less  in  many  places. 


FLORISTICS.— 

1.  Picea  spinulosa*  (a) ,  Pinus  wallichiana  (o) ,  Tsuga  dumosa  (f) .  ... 

H.  Juniperus  wallichiana  (o);  Rhododendron  spp. 

Note.— On  the  information  available,  it  is  impossible  to  differentiate  satisfactorily 
between  this  type  and  the  dry  coniferous  forest  in  the  inner  dry  valleys.  It  has  been 
noted  that  mixed  coniferous  forest  affects  drier  localities  as  one  goes  eastwards  from  the^ 
Punjab.  With  the  exception  of  the  hemlock  (which  extends  farthest  west)  and  the  sil¬ 
ver  fir,  the  E.  Himalayan  conifers  are  absent  from  the  wetter  regions  such  as  would  sup¬ 
port  their  western  equivalents.  Pinas  wallichiana  is  absent  from  the  Teesta  Valley  though 
recorded  from  adjoining  country  on  both  sides. 

The  allocation  of  these  forests  to  the  dry  temperate  is  conjectural,  but  they  are  de¬ 
finitely  restricted  to  the  inner  ranges  where  the  S.  W.  monsoon  is  at  best  weak.  How¬ 
ever,  the  spruce  is  reported  to  exceed  60  m.  in  height  (cf.  RAIZADA  i960).  Larix 
griffithiana  occurs  on  moraines  at  the  higher  altitudes  whilst  Tsuga  associated  with' .dfczVs 
delavavi  evidently  extends  into  the  wetter  areas  in  the  Aka  Hills  (BOR). 


G6/E1.  Larch  forest  (L.  griffithiana)  '  *  'v 

DSSdRIPnON.— None  available  but  apparently  an  open  forest  usually  only  of 
poor  height  with  an  undergrowth  oi Rhododendron  spp.  (Not  Seen). 


DISTRIBUTION. — Sikkim  and  through  the  Chumbi  Valley  of  Tibet  to  Bhutan, 
the  Mishmi  Hills  of  N.  E.  F.  A.  Usually  above  3,000  m.,  and  associated  with  the  mixed 
coniferous  forests  of  G5  type.  •  t 

■>  "[[‘P 

LOCALITY  FACTORS. — Chiefly  on  moraines  but  extending  to  other  well  drained  * 
sites.  No  climatic  data  available. 


FLORISTICS.— Larw  griffithiana*  may  be  mixed  with  Pinus  wallichiana,  or  Abies 
Picea  and  Tsuga,  and  is  usually  associated  with  Rhododendron  spp. 

ECOLOGICAL  STATUS.— Information  is  inadequate  but  it  would  appear  to  be 
either  an  edaphic  type  on  optimal  sites  (like  Cupressus  torulosa)  or  perhaps  a  pioneer  type 
which  will  slowly  develop  to  the  eastern  oak-coniferous  type.  ' 

^  *  t 

C7.  East  Himalayan  dry  juniper— birch  forest  (Not  Seen) 

The  op!n  forest  oftree junipers  upto  i8  m.  high  (J.  wallichiana)  and  birch,  describ¬ 
ed  from  the  dry  inner  hills  of  Sikkim  and  N.  E.  F.  A.,  is  apparently  generally  similar  to 
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the  J.  macropoda  of  the  inner  western  mountains,  and  occurs  between  2,800  and  4,500 
m.  J.  willichiana  occurs  equally  in  the  Western  Himalaya  but  does  not  reach  tree  dimen¬ 
sions  there. 


general  seral  types  of  dry  temperate  forests 
I  .Si.  HippophaejMyricaria  brakes. 

1S2.  PopulusjSalix  forest. 

I  S3.  (Western  high-level  dry  blue  pine  forest). 


iSi.  Hippophae — Myricaria  scrub 


DESCRIPTION. — A  more  or  less  pure  thicket  of  Hippophae  salicifolia,  3 — 6  m.  high, 
with  some  admixture  or  undergrowth  of  Salix  spp.,  Myricaria  spp.,  and  occasional  Populus 
ciliata  at  the  lower  elevations,  and  tufts  of  grass  and  herbs  such  as  Thymus  serpyllum. 

DISTRIBUTION. — On  gravel  along  inner  Himalayan  streams  from  2,300  m.* 
(sometimes  down  to  1,500  m.)  up  to  about  3,200  m. 


ILLUSTRATION.— Plate  96. 

FLORISTICS.— 

(i)  Sunderdhunga  Valley,  Kumaon,  Uttar  Pradesh,  2900  m. — 

I.  Hippophae  salicifolia*  (va),  Salix  elegans  (o). 

II.  Thymus  serpyllum  (la),  Epilobium  sp.  (f). 

Note. _ The  Salix  was  evidently  the  later  arrival  and  Hippophae  appeared  to  die  out 

on  the  older  levels,  leaving  the  Sah'x  predominating  and  Berberus,  Juniperus,  etc.  slowly 
coming  in. 

(ii)  Baspa  Valley,  Himachal  Pradesh. — 

I.  &  II.  Hippophae  salicifolia*  (a),  Salix  viminalis  (a)  Myricaria  elegans*, [M.  gcr- 
manica. 


Note. _ This  type  extends  upto  the  Sub-alpine  zone. 

General  Note. — In  the  inner  vallyes,  Hippophae  replaces  the  alder  of  the  outer 
hills  as  the  colonist  of  new  gravel  deposits,  earth  slides,  etc.  Like  alder  it  often  appears 
to  be  a  stable  formation  owing  to  the  maintenance  of  conditions  by  erosion  and  new 
deposition,  but  is  usually  clearly  serai  and  may  be  followed  by  poplar  (OSMASTON) 
and  ultimately  by  the  local  coniferous  or  broadleaved  climax.  ..  . 

1S2.  Populus — Salix  forest 

Communities  of  Populus  euphratica  are  found  in  the  upper  Indus  valley  (Ladakh) 
a,  3,000  ,0  4,000  m..  apparently  associated  with  SaU.  spp.,  but  no  further descr.pt, on  .s 

available. 

jSj.  (Westernjhigh-level  dry  blue  pine  forest) 

Climast  status  is  accorded  to  some  at  least  of  the  high  level  blue  pine.  M,  Pi  on  page 
328  but  it  is  still  the  pioneer  on  any  bare  soil. 
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CHAPTER  X 

SUB-ALPINE  FORESTS 
GROUP  14.  SUB-ALPINE  FORESTS 

I.  nomenclature 


General  .  •  •  • 

Subalpine  forest  {Betula)  (SGHWEINFURTH). 

Jatnntxi ani  Kashmir 

Subalpine  Zone  (SHER  SINGH).  ^ 

Punjab  and  Himachal  Pradesh  . 

(1)  Kharsu  oak — Silver  fir  belt  (top  part). 

(2)  Dry  zone  silver  fir — blue  pine-formation. 

Uttar  Pradesh. 

(3)  Arid  zone  blue  pine  formation  (GORRIE). 

Betula-Abies  and  Rhododendron- Lonicera  associations  of  a 
Betula-RhjJodendron  formation  (OSMASTON). 

Bengal  .  ■  •  • 

Rhododendron  and  Silver  fir  forest. 

Rhododendron  forest. 

Assam  and  J\f>E.F.A. 

,  Rhododendron  forest. 

Manipur  .  .  •  • 

.  Rhododendron-Betula  hylium  (DEB). 

2,  GENERAL  DESCRIPTION 


Typically  de  ise  growth  of  small  crooked  trees  or  large  shrubs  with  patches  of  coni¬ 
ferous  overwood.  The  conifer  is  very  generally  an  Abies,  characterised  by  a  low-bran¬ 
ching  dense  habit,  and  the  blue  pine  which  may  occur  with  it  likewise  differs  from  the 
low  level  form  in  its  shorter  and  denser  foliage.  The  birch  which  is  very  typically  present 
is  the  only  broadleaved  tree  to  develop  a  fairly  clean  tall  bole,  the  rest  having  crooked 
branchy  stems,  which  are  usually  bent  at  the  base  as  a  result  of  snow  pressure.  The 
forest  is  mainly  evergreen  as,  although  most  of  the  other  broadleaved  species  are  deci¬ 
duous,  Rhododendron  is  by  far  the  commonest  constituent;  the  Rhododendrons  may  however 
lose  much  of  their  foliage  from  hail,  etc.,  during  the  winter.  Pure  Rhododendron  forest 
3  to  I'o  m.  high  covers  large  areas  in  Sikkim  and  the  N.  E.,  with  a  few  deciduous  trees 
but  no  fir.  Though  many  of  the  species  tend  to  form  consociations  each  at  its  own  ele¬ 
vation  and  site  conditions,  mixtures  are  frequent  and  a  dozen  or  more  species  may  be 
found  together.  The  amount  of  undergrowth  is  very  variable  from  practically  nil  un¬ 
der  the  heavier  Rhododendron  thickets  to  a  fairly  complete  if  thin  cover  of  mainly  deci¬ 
duous  species  under  a  higher  canopy  of  birch.  Rhododendron  etc.  There  is  a  spring  flush  of 
flowers  among  which  Primula  spp.,  Ranunculaceae  and  Compositeae  are  generally  conspi¬ 
cuous  with  Meconopsis  (chiefly  in  the  east) ;  ferns  are  also  often  abundant.  There  is  an 

appreciable  amount  of  epiphytic  moss  and  lichen,  but  otherwise  epiphytes  and  climbers 
are  rare. 

The  conifers  rarely  reach  30  m.  except  in  sheltered  spots  and  the  broadleaved  woods 
are  usually  about  6  to  10  m.  high. 
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3.  DISTRIBUTION 

The  topmost  tree  forest  in  the  Himalaya  adjoining  Alpine  scrub  or  grassland,  often 
as  strips  along  spurs  between  snow-slides,  on  sheltered  slopes  and  other  favourable  spots, 
from  Kashmir  to  the  eastern  parts  of  N.  E.  F.  A.  where  it  appears  to  be  most  extensively 
developed.  It  extends  some  way  into  the  dry  zone  of  N.  W.  India,  but  not  into  W. 
Tibet. 

■  4,  LOCALITY  FACTORS  '  ' 

The  altitudinal  limits  are  about  2,900  m.  and  3,500  m.  as  a  rule  but  may  extend  300 
m.  up _ even  higher  in  the  West  Himalayas,  Ladakh  or  less  commonly  downward. 

Temperature. — No  temperature  data  for  typical  stations  are  available  but  those  for 
Dras  and  Leh  are  given  below.  A  severe  winter  is  experienced  with  nightly  tempera¬ 
tures  well  below  zero  for  several  months. 


Temperature  Data  {centigrade) 
Sub-alpine  Forests 


Month 

Kashmir 

DRAS 

3,066  m. 

Kashmir 

LEH 

3.5*4 

Mean 

Mean 

max. 

Mean 

min. 

Mean 

Mean 

max. 

Mean 

min. 

January  .  .  •  •  • 

February  .  .  •  • 

March  ...*'• 

April . 

May  .  .  .  .  • 

June . 

July . 

August  • 

September  .  .  •  • 

October . 

November  .  .  •  • 

December  .  .  •  • 

-15-7 
— 14-6 
—8-6, 
— -  0  *  4- 
8-4 
i3‘7 

16- 9 

17- 2 
i2'8 

5-6 
—2-7 
— 9-« 

—81 

■ — ^  ■  3 

—1-3 

5-2 

14-4 

21-3 

24-3 
24-4 
20‘  1 
13-1 
4-4 
—3-7 

— 22*3 
— 22-8 
— i5’9 
— 6-2 
2-3 
6-0 
9-6 
9-9 

—1-8 
—9-9 
— !4'6 

— 7-4 
—5-7 

0-4 

6-1 

I0'2 

14-3 

17-4 

17-1 

13-2 

6-9 

0-9 

—4-4 

— 1-4 
0-6 
6-9 

13- 0 
17-6 
21  "8 

24-7 

24-4 

20-9 

14- 6 
8-2 
1-8 

— X3-3 
— 12*1 
— 6' I 
j  — o*9-» 
2-8 
6*8 
10*2  < 
9-8 
5-4 

—0-7 

— -6*4 
—10*7 

M.  A.  . . 

2*0 

•• 

5-8 

Annual  mean  max.  . 

9-0 

•• 

•• 

12-8 

•  • 

Highest  record 

33-9 

•• 

33-9 

•  • 

Annual  mean  min.  . 

— 5-4 

•• 

•• 

— «-3 

•  • 

■■ 

Lowest  record  .  .  •  • 

—45 -0 

•• 

•• 

— 28 -3 

•  • 

- - 

No.  of  years  .  .  •  • 

45 

•• 

'  60 

■■  1 

Snow  is  a  regular  feature  and  may  10  000  m  as  6  m.  Snow  slides  are 

GORRIE  (1933)  estimated  the  cumulative  depth  a  ,  develop, 

of  frequent  occurrence,  often  following  regular  paths  ^ 

?he  avalanches  may  cause  avalanche  winds  very  destructive  to  tiee  growth. 
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Precipitation  regime.— systematic  records  are  available  for  typical  sites  in  the  zone 
Imtnhose  for  Dras  and  Leh  in  Ladakh  are  Indicative  though  Leh  is  in  the  and  zone. 
From  the  fact  that  It  is  necessary  to  go  well  into  the  Himalaya  to  find  extensive  tracts  at 
suitable  elevations,  heavy  monsoon  rainfall  is  not  usually  experienced,  but  in  any  case 
the  forest  is  probably  usually  more  dependent  on  melting  snow  for  its  water  supplies  than 
on  rainfall  during  the  short  vegetative  season  and  so  Is  able  to  exist  where  the  annual 
precipitation  is  very  low  but  falls  in  the  winter  months  as  snow.  The  equivalent  of  80 
mm.  rainfall  may  be  estimated  as  the  minimum  necessary  for  its  development.  ^  The 
figures  given  on  pp.  323,  293  dry  and  moist  temperate  forests  are  Indicative  of 

conditions  in  the  drier  and  moister  tracts  respectively,  those  for  Kalimpong  repre¬ 
sent  the  rather  different  rainfall  distribution  of  the  E.  Himalayas. 

Rainfall  {millimetres) 


Sub-alpine  Forests 


Kashmir 

Kashmir 

DRAS 

LEH 

Month 

r  f . 

3,066  m. 

3j5*4  “• 

January 

97 

10 

February  . 

97 

8 

March 

138 

7 

April 

104 

6  ■ 

May  . 

• 

61 

c  • 

June  .  , 

• 

17 

5 

July 

16 

12 

August  . 

* 

>4 

»5 

September 

18 

7 

October 

20 

3 

November 

12 

I 

December  . 

54 

5 

Total  for  year  (M.  A.  R.) 

• 

• 

• 

• 

• 

649 

83 

No.  of  rainy  days 

57 

• 

n 

No.  of  months  with  less  than  50  mm. 

• 

• 

6 

12  '  ■ 

M.  A.  Humidity  (per  cent) 

• 

• 

• 

• 

77 

55 

No.  ol  years 

• 

•  • 

• 

• 

• 

• 

40 

60 
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5.  GENERAL  FLORISTIGS 

The  tallest  trees  are  typically  conifers,  usually  Abies,  less  commonly  Juniperus,  with 
Pinus  wallichiana  often  present  and  sometimes  predominant.  Larix  also  occurs  over  a 
restricted  area. 


(In  the  west,  the  Abies  is  typically  the  high  level  species,  A.  spectabilis  in  contradis¬ 
tinction  to  the  low  level  A.  pindrow  of  the  moist  temperate  fir  forests  immediately  below 
it.)- 

Betula  utilis  is  very  generally  present  as  the  largest  deciduous  tree  and  is  associated 
with  temperate  deciduous  genera  such  as  Sorbus.  In  the  outer  mdister  regions,  with  a 
summer  monsoon,  Quercus  semecarpifolia  is  also  often  present.  Rhododendron  is  the  most 
characteristic  genus  of  the  formation,  R.  campanulaium  being  the  most  widespread  species 
extending  from  Kashmir  to  the  N.  E.  Frontier.  Other  genera  widely  represented  are 
Viburnum,  Lonicera,  Berberis,  Ribes,  Polygonum  and  Salix. 

MOHAN  (1955)  has  listed  the  typical  grasses. 


"  6.  SUBDIVISIONS,  SUCCESSION,  ETC. 

The  only  subdivision  that  appears  possible  on  a  climatic  or  altitudinal  basis  is  that 
into  a  generally  lower  zone  in  which  the  conifers  predominate,  and  an  upper  form  in  which 
they  are  only  occasional  or  absent,  but  they  extend  down  to  the  lower  limit  of  the  broad¬ 
leaved  formation  and  into  the  Quercus-Abies  associations  of  the  temperate  belt  making  it 
apparent  that  the  development  of  the  high  forest  is  largely  determined  by  site  factors 
other  than  microclimate,  itself  largely  conditioned  by  the  general  climate  of  the  zone. 

Gi.  West  Himalayan  sub-alpine  birchjjir  forests  (Betulaj Abies). 

la.  West  Himalayan  sub-alpine  fir  forest. 

ib.  West  Himalayan  sub-alpine  birchj fir  forest. 

C2.  East  Himalayan  sub-alpine  birchj  fir  forest. 

2S1.  [Sub-alpine  blue  pine  forest  (P.  wallichiana)^. 


Ci.  West  Himalayan  sub-alpine  birch /fir  forests . 

DFSCRIPTION.— An  irregular  forest  consisting  very  largely  of  three_  elements, 
fir  birch  and  Rhododendron  in  very  varying  proportions.  Pure  dense  crops  o  ^ 
^:Woccurpar« 

f ’ftalOhrubs  ira^d  The  overwood  is  often  absent  local, y 

amoun t  of^aU  sh^  leaving  mere  or  lesspnre  Rhododendron.  Bine  p.ne  may  occasronall 

helmet  Jith  and  in  the  moist  zone  Quercus  semecarpifolia  may  extend  up  into  t  is  ype, 

also  dwarf  bamboo.  ...  _ 

where  snow  slides  are  not  of  frequent  occurrence. 
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Plate  97 
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R.,  ,  ,  SUBALPINE  BIRCH/FIR  FOREST 

U  0  otils  (bottom  with  Mies  specubilis  and  deciduous  species  (Pram.,  n  d  at 
7FRiSaC/64]  on  sloDGs  Thdaiwoc  c  .  K^runus  padus,  Acer) 

J  .  onamarg,  Jammu  &  Kashmir.  H.  G.  Champion 


WEST  HIMALAYAN  SUBAi^i^BlRCH/FIR  FOREST 
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Sub-type  i^j{CiajCib) 

LOCALITY  FACTORS —Those  of  the  formation. 

ILLUSTRATIONS.— Plates  97  and  98. 

FLORISTICS.— 

Cla.  West  Himalayan  sub-alpine  high  level  fir  forest 

(i)  Tosnal  Parbatti  Valley,  Kulu  Division,  Punjab,  Preservation  Plot  No.  5,  N.  aspect 
at  2,900 — 3,000  m. — 

I.  Abies  spectabilis*.  (a),  Pinus  wallichiana  (o),  Picea  smithiana. 

II.  Rhododendron  campanulatum  (la),  Taxus  baccata  (If),  Prunus padus  (f). 

III.  Strobilanthes  atropurpureus  (va),  Smilax  vaginata.  Viburnum  foetens  (o),  Deutgia 

corymbosa  (o),  Ribes  sp. ,'Berberis  sp.  .. 

IVa.  Smilacina  (va),  Trillium  (a).  Anemone  obtusiloba  (1),  Osmunda  claytoniana  (la), 
Lastrea  barbata  (a),  Geranium  emodi  (f).  ,  , 

V.  Clematis  montana  (r). 

Note. — This  plot  is  representative  of  fairly  extensive  dense  patches  of  high  level  fir 
without  birch  or  much  Rhododendron  forming  the  transition  to  the  moist  mixed  coniferous 
type.  There  is  evidence  that  the  present  crop  originated  about  1830  after  a  severe  fire  in 
a  predominently  blue  pine  stand. 

V 

(ii)  Above  Chini,  U.  Bashahr,  Punjab.  ^,0^0  m. — •  '  . 

I.  ^  Abies  spectabilis*.  (la),  Pinus  wallichiana  (a). 

III.  Rhododendron  campanulatum  (la),  R.  lepidotum  (la),  Berberis  sp.  (a),  Juniperus 
wallichiana  (la). 

IVa.  Osmunda  claytoniana.  Anemone  sp.,  Viola  patrinii. 

Par.  Arceuthobium  minutissimum  (f). 


Cib..  West  Himalayan  birch/fir  forest 

(i)  Thajwas,  Sindh  Valley,  Kashmir,  3,350  m.  — • 


Betula  utihs*  (to  i  >75  m.  girth),  Abies  spectabilis*  (a),  Pinus  wallichiana  (a), 
(ii)  N.  Garhwal.  (OSMASTON).  —  •  r 


I. 


II. 


Ila. 

III. 


Abies  spectabilis*  (a). 


Betula  utilis*.  (a),  Quercus  semecarpifolia  (o), 
Sorbus  foliolosa  (a). 


Rhododendron  campanulatum*  (a), 


Thamnocalamus  [Arundinaria)  spathiflortis  (la). 

Cotoneasler  acuminata,  Rosa  sericea,  Ribes  glaciale, 
Rubus  m'veus,  Smilax  vaginata. 


R.  rubrum,  Lonicera  spp., 
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C2.  East  Himalayan  sub-alpine  birch/fir  forest 

DESCRIPTION. — As  for  Gi(a). 

DISTRIBUTION. — The  eastern  part  of  the  Himalayas  above  3, 000  m. 

LOCALITY  FACTORS.—  Rainfall  heavier  and  better  distributed  than  in  the  wes¬ 
tern  counterpart,  temperature  range  probably  somewhat  less. 

ILLUSTRATION.— Plate  99.  • 

FLORISTIGS.— 

Gompatung  Chu,  Sikkim,  2,800  m. — 

I.  Abies  densa*  {Xs) ,  Juniperus  wallichiana  (If). 

II.  Rhododendron  wightii  (?)  (va),  Betula  utilis*  (f),  Rhododendron  spp.  (f),  Pyrus 
aucuparia  {{),  Salix  wallichiana  (If). 

III.  Spiraea  sp.,  funiperus  recurva  (lo),  Cassiope  fasligiata  (r).  Rhododendron  lepidotum 
(o),  Potentilla  fruticosa  (o),  Polygonum  sp.  (f). 

Note. — The  sub-alpine  forests  of  the  upper  valleys  in  N.  E.  Sikkim  and  N.E.F.A., 
where  Larix  griffithiana  and  Picea  spinulosa  occur  may  belong  here  but  have  tentatively 
been  included  with  the  Dry  temperate  forests,  cf.  p.  329. 


The  Rhododendrons  extend  well  down  into  the  moist  and  wet  temperate  forests  and 
their  preserice  even  in  abundance  does  not  necessitate  reference  to  this  forest  type.  The 
species  of  the  lower  elevations  are  mostly  different,  though  a  few  are  very  adaptable  and 
extend  over  very  wide  altitudinal  range. 


GENERAL  SERAL  AND  DEGRADED  TYPES  OF  SUB-ALPINE  FORESTS 
,•  iSi.  [HippophaejMyricaria  brakes). 

\S2.  {Deciduous  sub-alpine  scrub). 

2S1.  Sub-alpine  blue  pine  forest  {P.  wallichiana). 

DSi.  Sub-alpine  pastures. 


151.  (Hippophae/Myricaria  brakes) 

The  type  has  been  described  under  Type  13/1S1,  page  330. 

152.  (Deciduous  sub-alpine  scrub) 
The  type  is  described  later  under  Type  15/C2;  page  339. 


2S1.  Sub-alpine  blue  pine  forest  (P.  wallichiana) 

'■  ■  The  blue  pine  crops  which  are  a  feature  near  the  timber  line  in  Kashmir,  the  Pun¬ 
jab  and  Himachal  Pradesh,  particularly  in  the  inner  drier  tracts,  have  already  been  re¬ 
ferred  to  in  the  account  of  the  temperate  forests.  Their  serai  status  seems  equally  definite, 
regeneration  only  occurring  where  the  progression  is  thrown  back  by  new  snow  or  earth 
slides,  cr  sometimes  fire;  otherwise  the  fir  gradually  displaces  it.  Good v examples  arc 
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Type  i4l{2SilDSi) 

-“T '  "  .elp:4:  ru“4l"— 

Sctltei^height  and  density  (e.g.  Tosnal)  though  Arceulhobium  infestation  is  liable  to  be 
heavy.  Preservation  Plot  No.  2,  Kulu  Division,  is  a  good  example  of  such  a  blue  pme 
crop  dating  from  about  1800  A.D.  progressing  to  Silver  fir. 


ILLUSTRATION.— OSMASTON  (1922);  PI. 


DSi.  Sub-alpine  pastures  -  ■ 

-*•'  RAINA  (1959)  has  listed  the  grasses  predominating  in  the  subalpine  and  alpine 
pastures,  viz.  Agropyron  longearistatum,  A.  semicosiatum,  Brachypodiutn  sylvaticum,  Bromus 
asper,  B^japonicus,  Dactylis  sp.,  Danthonia  sp.,  Festuca  sp..  Milium  effusum,  Oryzopsis,  Phleum, 
Pba  spp.  etc. 

‘  ILLUSTRATION.— Plate  100. 


CHAPTER  XI 

ALPINE  SCRUB 

GROUP  15.  MOIST  ALPINE  SCRUB 

Ci.  Birch-Rhododendron  scrub  forest 

NOMENCLATURE. — Subalpine  forest  {Rhododendron).  (SCHWEINFURTH). 

DESCRIPTION. — As  described  in  the  E.  Himalaya,  this  type  forms  a  low  ever¬ 
green  forest  almost  entirely  of  species  of  Rhododendron  but  with  some  birch  and  other  deci¬ 
duous  trees,  so  dense  as  to  be  difficult  to  penetrate,  particularly  in  an  uphill  direction 
as  owing  to  snow  pressure,  the  stems  all  curve  up  from  a  more  or  less  horizontal  or  down¬ 
ward  bent  base.  Trunks  are  short  and  branchy  and  rarely  much  over  60  cm.  in  girth. 
Moss  or  ferns  cover  the  ground  with  varying  amounts  of  alpine  shrubs,  flowering  herbs 
and  ferns.  The  western  form  is  generally  similar  but  is  not  so  well  differentiated  from 
the  birch-fir  forest  and  does  not  dominate  over  such  extensive  tracts.  The  birch  may 
form  almost  pure  stands  above  the  last  fir. 

DISTRIBUTION. — The  whole  length  of  the  Himalayas  and  on  the  highest  hills 
near  the  Burma  border,  limited  in  the  west  to  sheltered  sites  usually  on  northern  and  wes¬ 
tern  aspects,  becoming  more  general  eastwards. 

LOCALITY  FACTORS. — The  chief  characteristic  is  an  ample  snowfall,  the  snow 
lying  till  the  day  air  temperature  is  quite  warm.  The  growth  habit  of  the  Rhododendron 
is  well  adapted  to  stand  snow  pressure  and  even  sliding  snow.  A  thick  layer  of  black 
humus  is  typically  present  and  the  soil  is  generally  wet. 

ILLUSTRATION.— Plate  loi. 

FLORISTICS.— 

(i)  Thy  was,  Sindh  Valley,  Kashmir.  3,600  m.— 

Betula  utilis*. 

_ xhe  type  extends  downwards  meeting  the  mixed  deciduous  forest  in  the 

valleys  and  an  almost  pure  birch  stand  exists  on  recent  gravel  in  the  valley  bottoms; 
the  s nccies  also  struggles  still  further  down  fringing  the  cold  mountain  torrents. 

(ii)  Sundetdhunga  Valley,  W.  Kamaon,  U.P.  3,800  m.— 

1.  Betula  utilis*  (a),  Rhododendron  campanulatum  (a),  Sorbus  foliolosa  (f). 

II  &  HI.  Viburnum  nervosum  (f),  Rhododendron  lepidotum  (o),  Berberis  spp.  (f), 
Lonicera  parviflora  (f),  Gaultheria  trichophylla  (If). 

iVa.  Primula  denticulata  {va),  P.  stuartii  (o),  Corydalis  stracheyi,  Macrotomia  bentkami. 
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DECIDUOUS  ALPINE  SCRUB 


Type  i5/(C'i/C’2) 
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(iii)  Garhwal,  U.P-  (OSMASTON) 

I.  &  II.  Rhododendron  campanulatum,  Sorbus  foliolosa,  Betula  utilis,  Quercus  semecar- 
pifolia. 

III.  Berberis  sp.,  Cotoneaster  sp.,  Lonicera  spp.,  Polygonum  vaccinifolium,  Rhododendron 
lepidotum. 

Note.— The  predominant  species  of  the  shrub  genera  vaiy  with  the  moistness  of 
the  micro-climate.  OSNIASTON  differentiates  a  Rhodod€ndron~Loniccrci  shrub  association 
from  a  Betula-Abies  tree  association,  but  includes  in  the  former  the  decidedly  different 
dwarf  Rhododendron  scrub  here  relegated  to  a  separate  formation. 


(iv)  Dzongri  Ridge,  Sikkim,  35800  m. — 

I.  Rhododendron  wightii*  (?)  (va),  R.  campanulatum  (f),  R.  molle  (?)  (f),  R.  thomsom 
(If),  2  other  large  spp. 

II.  Rhododendron  setosum  (o),  R.  anthopogon  (o),  R.  lepidotum  (o),  Berberis  spp. 

III.  Primula  stuartii. 

(v)  Rhododendron-Betula  hylium  (DEB)  ;  Peaks  over  2,400  m.  in  Manipur. — 

I.  &  II.  Rhododendron*  spp.,  Quercus  semecarpifolia,  Betula  utilis*,  Pyrus  spp. 

III.  Berberis  spp.,  Mahonia  spp.,  Hypericum  spp.,  Spiraea  spp. 

IVa.  Iris  etc. 

V.  Clematis  spp. 

G2.  Deciduous  alpine  scrub 

No  detailed  description  of  this  formation  is  necessary  as  it  is  not  a  tree  forest  t>3>e. 
As,  however,  it ’extends  down  into  the  sub-alpine  forest  last  described,  it  is  necessary  to 
give  a  brief  account  of  it. 

DESCRIPTION.— A  low  deciduous  scrub  formation  usually  only  about  i  m  high 
forming  a  dense  cover  continuous  over  extensive  areas  but  broken  up  by  grass,  probably 
often  secondary  as  the  result  of  grazing  and  shrub  cutting  for  firewood.  Outlying  patch^ 
of  the  subalpme  forest,  chiefly  m  the  form  of  colonies  of  Betula  and  the  larger  Rhododendrons 
may  occur  but  the  growth  is  often  very  uniform.  Extensive  patcL  (societies^  of 
dveaxi  Rhododendrm  of  dwarf  Jumpers  may  be  distributed  in  relation  to  varying  site 
conditions  particularly  seasonal  moisture  variations.  ^  ^ 

DISTRIBUTION.— The  whole  length  of  the  Himalayas  at  elevations  above  about 
for«ts™'  extending  lower,  and  adjoining  the  sub-alpine  and  upper  temperate 

•Ih«  “S!  Sy  ra^IA' " 

W.  Himalaya,  mostly  as  s^w  „W  h  ove"  ho  ot  H  f  ’  “  "T  -  ">= 

onger  so  that  the  Rowing  season  t  vety  short  '  ^ 
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ILLUSTRATION. — Plate  102.  .  .  '  j  -  •  i 

FLORISTICS.—  .  .i 

(i)  Aparwat,  Pir  Panjal,  Kashmir.  3,700  m. — ■ 

I.  &  II.  Betula  utilis. 

III.  Syringa  emodi*,  Salix  sp.,  Lonicera  sp.,  Berberis  sp.,  Rosa  sp. 

IVa.  Aconitum  spp.,  Trollius. 

Ei.  Dwarf  Rhododendron  scrub 

IVestern  Himalayas 

OSMASTON  (1922)  described  the  following  consociations  in  the  Rhododendron- 
Lonicera  associations  (his  Betula-Rhododendron  formation)  for  Garhwal,  in  the  Inner  Himala¬ 
yas. 

(i)  Rhododendron  hyperanthum*  (anthopogon) ,  15  cm.  to  50  cm.  high,  in  moist  dry  and 
arid  zones  chiefly  in  northern  aspects  in  continuous  more  or  less  dense  patches 
upto  20  hectares  in  extent,  generally  on  rough  boulder  strewn  ground  but 
shunning  steepest  rocky  places,  at  altitudes  of  3,200  m.  to  4,100  m.  Sometimes 
mixed  with  R.  lepidotum,  Salix  lindlcyana,  S.  fruticulosa,  Lonicera  obovata  on  dry 
north  aspects. 

(ii)  Rhododendron  lepidotum*,  15  cm.  to  i  m.  high,  in  moist  dry  and  arid  zones,  in 
open  consociations  upto  a  few  hectares,  on  north  but  typically  on  dry  southern 
aspects  (where  it  replaces  R.  anthopogon)  at  2,600  m.  to  4,000  m. 

(iii)  Rhododendron  campanulatum* ,  1.5  m.  to  3  m.  high  in  dense  thickets  upto  25 
hectares  in  extent,  chiefly  in  dry  and  arid  zones,  mixed  with  varying  propoition 
of  Sorbus  foliolosa  lower  down  but  pure  at  3,350  m.  to  3,800  m. 


ILLUSTRATION.— Plate  102. 

jijoTE. — Average  precipitation  varies  from  250  m.  to  2,000  mm.,  mostly  as  snow. 
The  factors  that  determine  the  relative  distribution  of  the  m.ixed  deciduous  scrub  and  the 
dy/Avi Rhododendrons  has  not  yet  been  determined  but  they  appear  to  be  edaphic.  Similarly, 
the  dwarf  Jun'per  consociations  seem  to  be  on  the  more  freely  drained  drier  sites  ar.d  so 
are  described  under  the  next  group. 


Eastern  Himalayas 

In  the  Eastern  Himalayas  dense  Rhododendron  thickets  occur  at  3,350  m.  to  4,600  m. 
changing  into  scrub  at  the  upper  limit,  dominant  at  4,600  to  4,900  m.  and  ascen  mg 
upto  5,500  m.  on  dry  southern  slopes. 


Rhododendron  campanulatum*  with  or  without  R.  wightii  occurs  at  3,350  to  4.300 
R  campylocarpum  and  R.  pumilum  also  heavily  found.  R.  lepidotum  and  R. 

occupy  the  highest  belt  but  R.  campanulatum,  R.  setosum,  R.  lanatum  mny  &\so  gvo  V 

7eXo  l9o!  m.  R.  nivale  occurs  last  of  all  in  very  cold  regions,  also  m  rocks  m 
glacierice  (SMITH  and  GAVE;  GAMMIE). 
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Type  i5/(^2/C3)/ryj6e  i6/(C’i/^i) 

.  E2.  (Dwarf  Juniper  scrub) 

This  is  described  under  16/El,  below. 

C3.  Alpine  pastures 

These  are  continuous  with  those  lower  down  and  differ  only  in  having  a  shorter 
snow-free  period  and  in  floristic  detail,  (p.  337). 

Tlie  meadows  are  composed  mostly  of  perennial  mesophytic  herbs,  with  very  little 
grass.  Conspicuous  among  the  herbs  are  Primula,  Anemone,  Fritillaria,  Iris,  Gentiana, 
with  many  Rananculaceae ,  Cruciferae,  Caryophyllaceae  and  Compositae. 


GROUP  16.  DRY  ALPINE  SCRUB 
Ci.  Dry  alpine  scrub 

Mention  of  this  type  is  only  included  for  the  sake  of  comnletencss. 

The  t>'pc  is  widespread  in  the  inner  ranges  as  in  W.  Tibet  behind  Kumaon,  extending 
into, India  in  U.P.  (OSMASTON),  Himachal  Pradesh,  the  Punjab  and  Kashmir  It 
adjoins  the  dry  temperate  forests  and  may  take  their  place  under  lieavv  pressure  of  grazing 
etc.  SCHWEINFURTH  describes  it  tts  Alpine  Suppe.  ' 

in  which  dwarf  shrubs  predeminate  ard  is 
m.t  wul,  the  Tibetan  areas  with  rainfall  probably  always  under  -570  mm.  Characteristic 

oTuaston  ZTrrZZ-,  W  (  f’ 

outfcs  ’  ®  in  the  moist  zone  may  be  vietL  as 

Msi  tf  ^t'^M  3a  aTd  ria  f‘T  '"  'T  ” 

;  TT  I  /j  ^  ^  ^  ly  complete  cover  i-q  m  hiffh  Thf» 

IS  H.  ,iamno,d,s  not  H.  salieifMa  (cf.  Type  ,3/181  described  on  p. 

ILLUSTRATION.— Plate  103. 

Androsace,  Primula  minutisfimd,  crassipcs^ 

Arenaria  (6,000  m.),  Calliantkcmum  kashmeriamm  Drahn  crenulatum,  Leontopodium, 

fs's.r'  (5.500 

IVeslern  Himalayas  J“"'P-n  scrub 

Wor. nation  !  ‘ 

(.)  about  0  -6  m  Idch  i  Himalayas. 

21  ifRiTc  4'=5o  n,  P"''''^  Pf  n  few 
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(ii)  Juniperus  wallichiana,  with  low  spreading  branches  30  cm.  to  1.5  m.  high,  in 
dense  patches  upto  o-2  hectares  in  extent,  at  2,900  m.  to  4,200  m. 

Note. — This  type  occurs  on  very  dry  sites  exposed  to  intense  insolation  during  the 
short  growing  season.  The  annual  precipitation  is  mostly  in  the  form  of  snow  and  may 
not  exceed  250  mm.  The  soil  is  dry  sandy  and  loose  and  easily  transported  by  wind. 
Scattered  herbs  occur  but  grasses  are  absent. 

Eastern  Himalayas 

In  the  Eastern  Himalayas  Juniperus  recurva  (3,000  to  4,600  m.  )  and  J.  recurva  var. 
squamata  (4,300  to  4,900  m.)  succeed  J.  wallichiana  at  about  4,300  m.,  especially  on  screes, 
and  ascend  upto  4,900  m.  The  associations  are  purer  at  higher  elevations. 


APPENDIX  A 

FOREST  TYPES  OCCURRING  IN  EACH  STATE 


Andamans  and  Nicobar  Islands — 


lA/Ci. 

1A/C2. 

1A/G3. 

i/Ei. 

1/E2. 

qA/Gi. 

3A/G1. 

3A/G1/2S1. 

4A/L1. 

4B/T.S. 

4G/F.S2. 


Giant  evergreen  forest — (p.  62). 

Andamans  tropical  evergreen  forest — (p.  63). 

Southern  hilltop  tropical  evergreen  forest — (p.  64). 
Gane  brakes — (p.  79). 

Wet  bamboo  brakes — (p.  loi). 

Andamai'.s  semi-evergreen  forest — (p.  85). 

Andaman':  moist  deciduous  forest — (p.  103). 

Andamans  secondary  moist  deciduous  forest — (p.  104). 
Littoral  forest — Cp  •  155). 

Tidal  swamp  forest — (pp. '163-166). 

Submontane  hill  valley  swamp  forest — (]>.  167). 


Andhra  Pradesh — 


3B/Gi(b,c). 

3B/G2. 

3B/2S1. 

3G/G2(c). 

4A/L1. 

4B/TS. 

5A/Gi(b). 

5A/G2. 

5A/G3. 

5B/Gi(c). 

5/DSi. 

5/DS2. 

5/DS3. 

5/DS4. 

5/E2. 

5/E4. 

5/E7. 

5/E9. 

5/iSi. 

5/aSi. 

6A/G1. 

6A/G2. 

6A/DS1. 

6A/DS2. 

6/DSi. 

7/Gi. 

7/DSi. 


Slightly  moist  and  moist  teak  forest — '(pp.  115,  n6). 
Southern  moist  mixed  deciduous  forest — (p.  117). 

Southern  secondary  moist  mixed  deciduous  forest — (p.  1 19). 
Moist  peninsular  sal— (pp.  143-145). 

Littoral  forest — (p.  155). 

Tidal  swamp  forest — (pp.  163-166). 

Dry  teak  forest — (p.  182). 

Dry  red  sanders-bearing  forest — (p.  185). 

Southern  dry  mixed  deciduous  forest — (p.  185). 

Dry  peninsular  sal  forest — (p.  198). 

Dry  deciduous  scrub — (p  205). 

Dry  savannah  forest — (p.  207). 

Euphorbia  scr\ih — (p.  208). 

Dry  grassland— (p.  209). 

Boswellia  forest — (p.  212). 

Hardwickia  fo'cst — (p.  215). 

Laterite  thorn  forest — ’(p.  217). 

Dry  bamboo  brake— (p.  220). 

Southern  dry  tropical  riverain  forest — (p.  221). 

Secondary  dry  deciduous  forest — (p.  225). 

Southern  thorn  forest — (p.  229). 

Garriatic  umbrella  thorn  forest — (p.  232). 

Southern  thorn  scrub — (p.  233). 

Southern  Euphorbia  scrub — (p.  233). 

Cassia  auriculata  scrub — (p.  245). 

Tropical  dry  evergreen  forest — .(p.  246). 

Tropical  dry  evergreen  scrub — (p.  250). 


Assam  {winding  NEFA,  Nagaland,  Sikkim  and  Bhutan)— 


iB/Ct. 
iB/(  2(a,b). 


.\ssam  valley  tropical  wet  evergreen  forest— (p.  76). 
Upper  .\ssam  valley  tropical  evergreen  forest- (p.  77). 
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iB'C3. 

i/Ei. 

1/E2. 

1/2S1. 

2B;Ci(a,b). 

qB/Gi/iSi. 

2B/Ci/iS2. 

aB/Ci/2S2. 

2B/C/2.S3. 

2B/G2. 

2/E3. 

2/2S1. 

3C/Ci(a,b,c). 

3C/G2(d). 

3C/C2/DS1. 

3C/C3(b). 

3G/C3/2S1. 

3G/G3/2S2. 

3/1S1. 

3/iS2(a,b). 

4G/FS2. 

4G/FS3. 

4D/SS1  to  SS5. 

4D/2S2. 

4E/RS1. 

5/1S2. 

8B/G2. 

8B/DS1. 

9/G.>(8B/2St). 

9/G2/DS1. 

I  iB/Gi  (a,b,c). 
iiB'Ga. 
i2/G3(a,b). 
12/E1. 

12/DS1. 

12/1S1. 

12/2S1. 

13/G6. 

13/G6/E1. 

I3/C7- 

13/1.S1. 

I  WC2. 

I  4/G2/2S1 . 
14/D.S.. 

1 5/C  I. 

15/G2. 

i5/C2/Et. 

16/C1. 

1 6/E  I. 

2/E3. 

3C/C2(a,b,e). 


Cachar  tropical  evergreen  forest — (p.  78). 

Cane  brakes — (p.  79). 

Wet  bamboo  brakes — (p.  80). 
pioneer  Euphorbiaceous  scrub — (p.  80). 

Assam  valley  semi-evergreen  forest— (pp.  92,  94). 
Sub-Himalayan  high  alluvial  semi-evergreen  forest — (p.  95), 
Syzygium  parkland — (p.  96). 

Eastern  alluvial  secondary  semi-evergreen  forest — (p.  96). 
Sub-Himalayan  secondary  wet  mixed  forest — (p.  98). 

Cachar  scmi-cvcrgrcen  forest— (p.  99). 

Moist  bamboo  brakes — (p.  tot). 

Secondary  moist  bamboo  brakes — (p.  102). 

Very  moist  sal  forest — (pp.  127,  128,  130,  131,  133,  134'). 
Moist  plains  sal  forest — (p.  139). 

Moist  sal  savannah — (p.  146). 

East  Himalayan  moist  mixed  deciduous  forest — (p.  149). 
Northern  secondary  moist  mixed  deciduous  forest — (p.  150). 
Secondary  Euphorbiaceous  scrub — (p.  151). 

Low  alluvial  savannah  woodland — (p.  152). 

Eastern  hollock  forest — \.p.  i54)- 
Sub-montane  hill  valley  swamp  forest — (p.  167). 

Creeper  swamp  forest — ^(p.  168). 

Tropical  seasonal  swamp  forest — (pp.  169-171). 

Eastern  wet  alluvial  grassland — ^(p.  172). 

Riparian  fringing  forest — (p.  173). 

Khair-sissu  forest — (p.  222). 

Khasi  sub-tropical  hill  forest — (p.  265). 

.Assam  sub-tropical  hill  savannah  woodland — '(p.  267). 
-Assam  sub-tropical  pine  forest — (pp.  266,  274). 

-Assam  sub-tropical  pine  savannah — (p.  275’).’ 

East  Himalayan  wet  temperate  forest — (pp.  286  288). 

Naga  hills  wet  temperate- forest — -(p.  288). 

East  Himalayan  moist  temperate  forest — (pp.  3'4-3'6). 
Cypress  forest — (p.  318). 

Montane  bamboo  brakes — (p  .316). 

Alder  forest — (p.  319)- 

Low  level  blue-pine  forest — (p.  320). 

East  Himalayan  dry  temperate  co  tiferous  forest— (p.  328). 
Larch  forest — (p.  329.). 

East  Himalayan  dry  juniper/birch  forest— (p.  329). 
Hippophae] Myricaria  scrub. — (p-  33o)- 
East  Himalayan  sub-alpine  birch/fir  forest- (p.  33f>). 
Sub-alpine  blue  pine  forest— (p.  336). 

Sub-alpine  pasture — (p.  337). 

YiiTChlRhododendron  scrub — (p.  338). 

Deciduous  alpine  scrub— (p.  339)- 
Bwarf  Rhododendron  scrub — (p.  340). 

Dry  alpine  scrub — (p.  34*) • 

Dwarfjuniper  scrub — (p.  341)- 


Moist  bamboo  brakes — (p.  loi). 

Moist  Siwalik,  bhabar  and  peninsular  sal  forest 


— (pp.  t36,  137,  138,  1(3.  '44,  '45)- 
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3C/DS1. 

3C/C3(a). 

3C/2S1. 

3/Ei. 

3/iSi. 

4C/FS2. 

4D/SS3. 

4E/RS1. 

5B/Ci(c). 

5B/C2. 

5B/DS1. 

5B/DS2. 

5B/DS3. 

5/Ei. 

5/E2. 

S/ES- 

5/E6. 

5/E8. 

s/Eg- 

5/1S1. 

5/1S2. 

5/'S3. 

5/2S1. 

6B/C2. 

6B/DS1. 

6B/DS2. 

8A/C3. 

Gujarat — 


Moist  sal  savannah — (p.  146). 

West  Gangetic  moist  mixed  deciduous  forest — (p.  147). 
Northern  secondary  moist  mixed  det  iduous  forest — (p.  130). 
Terminalia  lomentosa  forest — (p.  isO- 

Low  alluvial  savannali  woodland  (Bombax-Albizzia) — (jt.  152), 
Sub-montane  hill  valley  swamp  forest— (p.  167). 

Syzjgium  cumini  swa.mp  low  forest — (p.  170). 

Riparian  fringing  forest — (p.  173). 

Dry  peninsular  sal  forest— (p.  198). 

Northern  dry  mixed  deciduous  forest — (p.  2oo). 

Dry  deciduous  scrub — (p.  205). 

Dry  savannah  forest — (p.  207). 

Euphorbia  scrub — (p.  208). 

Dry  grassland — (p.  209). 

Anogeissus  pendula  forest — ^(p.  2ic). 

Boswellia  forest— {p.  212). 

Butea  forest — (p.  215). 

Aegle  forest— Cp.  216). 

Saline/alkaline  scrub  savaimah — (p.  2i8l 
Dry  Iramboo  brake — (p.  220;. 

Southern  dry  tropical  riverain  forest — (p.  221). 

Khair-sissu  forest— (p.  222  ). 

Inundation  babul  forest — (p.  224). 

Secondary  dry  deciduous  forest — (p.  225). 

Ravine  thorn  forest — (p,  240). 

Zizyphus  scrub — (p.  242). 

Tropical  Euphorbia  scrub — (p.  242). 

Central  Indian  subtropical  hill  forest — (p.  257). 


3B/Gi(b,c).  Slightly  moist  and  moist  teak  forest- (pp.  1 15,  1 16;. 

3B/C2.  Southern  moist  mixed  deciduous  forest— (p.  117). 

3B/2S1.  Southern  secondary  moist  mixed  deciduous  forest — (p.  1 19). 

4A/L1.  Littoral  forest — (p.  155). 

4B/TS1  &TS2.  Mangrove  scrub  and  mangrove  forest— (pp.  163,  1G4). 
5A/Ci(b).  Dry  teak  forest — (p.  182). 

5A/C3.  Southern  dry  mixed  deciduous  forest— (p.  185). 

5/DS1.  Dry  deciduous  scrub — (p.  205). 

5/DS2.  Dry  savannah  forest — '(p.  207). 

5/DS3.  Euphorbia  scrub — (p.  208;. 

5/DS4.  Dry  grassland— (p.  209). 

5/E1 .  Anogeissus  pendula  forest — (p.  210). 

5/E2.  Boswellia  Corest — (p.  212). 

5/E5.  Butea  forest — (p.  215). 

5/E8.  Saline-alkaline  scrub  savannah — (p.  218). 

5/ Eg.  Dry  bamboo  brake — (p.  220). 

5/iSi.  Southern  dry  tropical  riverain  forest- (p.  221) 

5/2S1.  Secondary  dry  deciduous  forest— (p.  223).' 

6B/C1.  Desert  thorn  forest— (p.  239). 

6B/DS I .  Zizyphus  scrub— (p.  242) . 

6B/DS2.  f  ropical  scrub — (p.  242), 

B/E2.  Acacia  Senegal  forest — (p.  244). 

6/E3.  Rann  saline  thorn  forest — (p.  244). 
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6/E4.  Salvadora  %cvuh — (p.  244). 

6/DSi,  Cassia  auriculata  scrub — (p.  245). 

6/iSi.  Desert  dune  scrub — (p.  245). 


Himachal  Pradesh — 


3C/C2(a,b). 

4C/FS2. 

5B/Gi(a). 

5B/C2. 

5/E9(3/2Si). 

5/DSi. 

5/1S2. 
9/Gi(a,b). 
9/Gi/DSi. 
9/G1/DS2. 
lo/Gi  (a). 

12/G1  (a  to  f). 
12/G1/DS1. 
12/G1/DS2. 
I2/G2(a  to  c). 
12/E1. 

12/DSi. 

12/DS2. 

12/DS3. 

12/1S1. 

12/1S2. 

12/281. 

13/G1. 

I3/G2(a,b). 

13/G2/DS2. 

I3/G3- 

i3/C4(«3/'S2, 

14/2S1). 

I3/G5- 

13/1S1. 

I4/Gi(a,b). 

14/G2. 

14/DS1. 

14/1S1. 

15/G1. 

15/G2. 

15/G2/E1, 

I5/C3- 

i6/Gi. 

16/E1. 


Moist  Siwalik  and  moist  bhabar  sal — (pp.  136,337). 

Sub-montane  hill  valley  swamp  forest — -(p.  167). 

Dry  Siwalik  sal  forest — (p.  195). 

Northern  dry  mixed  deciduous  forest — (p.  200). 

Dry  bamboo  brakes — (pp.  220,  155). 

Dry  deciduous  scrub — (p.  205). 

Khair-sissu  forest — (p.  222)  . 

Lower  or  Siwalik  and  upper  or  Himalayan  chir-pine  forest — (pp.  270,  272). 
Himalayan  sub-tropical  scrub — (p.  274).  ^ 

Sub-tropical  Euphorbia  scrub — (p.  274). 

Olea  cuspidala  scrub  forest — (p.  276). 

Lower  Western  Himalayan  temperate  forest — (pp.  296,  299,  301,  304,  307,  308). 

Oak  scrub — (pp.  301,  309). 

Himalayan  temperate  secondary  scrub — (p.  309). 

Upper  West  Himalayan  temperate  forest — (pp.  310,  312,  314). 

Gypress  forest — (p.  318). 

Montane  bamboo  brakes — (p.  316). 

Himalayan  temperate  parkland — (p.  317)- 
Himalayan  temperate  pasture — (p.  318). 

Alder  forest — (p.  319). 

Riverain  blue-pine  forest — (p.  320). 

Low-level  blue-pine  forest — ’(p.  320). 

Dry  broadleaved  and  coniferous  forest  (Qjiercus  ilexjP.  gerardiana)—{p-  325)* 

Dry  temperate  coniferous  forest — (pp.  325,  326). 

Dry  temperate  scrub — (p.  327). 

(West  Himalayan  dry  temperate  deciduous  forest) — (p.  327;. 

West  Himalayan  high-level  dry  blue-pine  forest  (P .  wallichiana)  (pp.  3®6,  33*^»  33*^). 

West  Himalayan  dry  juniper  forest  (J.  macropoda)  (p.  328). 

Hippophaej Myricaria  scrub — (p.  330). 

West  Himalayan  sub-alpine  birch/fir  forest  (Betulaj Abies).  (pP-  334>  335)- 
East  Himalayan  sub-alpine  birch/fir  forest — (p.  33®)- 
Sub-alpine  pasture — (p.  337) < 

(Hippophaej Myricaria  brakes) — (p.  336). 

Birch  I  Rhododendron  scrub  forest — (p.  338). 

Deciduous  alpine  scrub — (p.  339)  • 

DwAr( Rhododendron  scrub — (p.  34f>). 

(Alpine  pastures) — (p.  341). 

Dry  alpine  scrub — (p.  341). 

Dwarf  juniper  scrub — (p.  340- 


Jar,  mu  and  Kashmir — 


5B/C2. 

5B/DS1. 

5/E9. 

9/Gi(a,b). 

9/Gi/DSi. 

9;Gi/D32. 


Northern  dry  mixed  deciduous  forest — (p.  200). 
Dry  deciduous  scrub — (p.  205). 

Dry  bamboo  brake — (p.  220). 

Himalayan  sub-tropical  pine  forest — (pp.  270,  272). 
Himalayan  sub-tropical  scrub— (p.  274).  , 
Sub-tropical  Euphorbia  scrub — (p.  274). 
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inlGi(A,h). 

lo/Ji/DSi. 

i2,«Ji(a  to  f). 

i2,Oi/DSi. 

I2,Ci/DS2. 

I2/C2(c). 

12/Ei. 

I2/DS2. 

i2/DS;|. 

I2/lSl. 

I2/IS2. 

I2/2SI. 

I3/CI. 

I3/C2(a,b). 

i3/C2/DSi. 

13/C2/DS2. 

>3/^3. 

i3/C4(>3/'S3, 

14/2S1). 

I3/C5- 

13/1S1. 

13/1S2. 

I4/Ci{a,b). 

i4/iSi. 

14/1S2. 

14/DS1. 

15/C1. 

15/C2. 

15/C2/E1. 

I5/C3- 

16/G1, 

16/E1, 

Sub-tropical  dry  evergreen  forest — (pp.  276,  277). 
scrub — (p.  277). 

Lower  Western  Himalayan  temperate  forest — (pp.  29G,  299,  301,  304,  307,  308). 
Oak  scrul) — (p-  309-) 

Himalayan  temperate  secondary  scrub— (p.  309). 

Temperate  deciduous  forest — (p.  314). 

Gypress  forest — (p.  318). 

Himalayan  temperate  parkland— (p.  317). 

Himalayan  temperate  pastures — (p.  318). 

Alder  forest — (p.  319)- 

Riverain  blue-pine  forest — (p.  320)- 

Low-level  blue-pine  forest — (p.  320). 

Dry  broadleaved  and  coniferous  forest  (QwercMi  tVe.v/P.  gerardiana) — (p.  325). 

Dry  temperate  coniferous  forest — (p.  325). 

Ro/itt  scrub — (p.  327). 

Dry  temperate  scrub — (p.  327.) 

(West  Himalayan  dry  temperate  deciduous  forest) — (p.  327). 

West  Himalayan  high-level  dry  blue-pine  forest  (P.  luallichiana) — (p.  328,  330,  336). 

West  Himalayan  dry  juniper  forest  (J.  macropoda) — (pp.  328). 

Hippopkafj Myrkaria  scrub — (p.  330). 

PopulusjSalix  iorcit — (p.  330). 

West  Himalayan  sub-alpine  birch/fir  forest  {Belulaj Abies) — -(pp.  334,  335). 
{Hippophaej Myrkaria  brakes) — (p.  336). 

(Deciduous  sub-alpine  sciub — (p.  336). 

Sub-alpine  pasture — (p.  337). 

’Birch! Rhododendron  szTxxh  forest — (p.  338). 

Deciduous  alpine  scrub — (p.  339). 

’Dv/a.rf Rhododendron  scrub — (p.  340!. 

(Alpine  pastures) — (p.  341). 

Dry  alpine  scrub — (p.  341). 

Dwarf  juniper  scrub — (p.  341). 

Ktrtla — 

1A/C3. 

:A/C4. 

i/Ei. 

1/E2. 

1/2S1. 

2A/C2. 

2A/2SI. 

2/E3(2/2Si). 

2/E4. 

3B/Gi(a,l),c). 

3B/G2. 

3B/2S1. 

4A/L1. 

4G/1’Si  &  2. 
4E/RS1. 
5A/Gi(b). 
5A/G3. 

.Southern  hill-top  tropical  evergreen  forest — (p.  G4). 

West  coast  tropical  evergreen  forest — (p.  65). 

Gane  brakes — (p.  79). 

W'et  bamboo  brakes — .(p.  80). 

Pioneer  Euphorbiaceous  scrub — (p.  80). 

West  coast  semi-evergreen  forest— (p.  85). 

West  coast  secondary  evergreen  Dipurocarp  forest— (p.  87). 

Moist  bamboo  brake — ^(pp.  loi,  102). 

Lateritic  semi-evergreen  forest — (p.  102). 

Moist  leak- bearing  forest— (pp.  m,  ,12,  ii5_  nGj, 

Southern  moist  mixed  deciduous  forest — (p.  1 17). 

Southern  secondary  moist  mixed  deciduous  forest— (p.  1 19). 

Littoral  forest — (p.  155). 

Myristka  swamp  and  sub-monlane  hill  valley  swamp  forest- (p.  167). 

Riparian  fringing  forest — (p.  173). 

Dry  teak  forest — (p.  182). 

Southern  dry  mixed  deciduous  forest— (p.  185). 
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5/DSi. 

S/DSa. 

5/E7. 

5/E9. 

5/aSi. 

8  A/C  I . 

8A/G1/E1. 

8A/C1/DS1. 

iiA/Ci. 

iiA/Gi/DSi. 

iiA/Gi/DSa. 

Madhya  Pradesh — 
2/E3. 

3li/Ci(b,c). 

3IJ/C2. 

3B/2S1. 

3C/G2(c). 

3C/G2/DS1. 

3G/GJ/2S1. 

3/Ei. 

4G/FS2. 

4E/1<.Si. 

5A/Gi(a,b). 

5A/C3, 

5B/Ci(c). 

5B/G2. 

5/DSi. 

5/DS2. 

5/DS3. 

5/DS4. 

5/E1. 

5/Ei/DSi. 

5/E2. 

5/E3. 

5/E4. 

5/E5- 

5/E7- 

5/E8. 

5/E9. 

5/1S1. 

5/1^3- 

5/2S1. 

6  A/C  I. 
CA/DSi. 
6B/C2. 
6B/DS1. 

6/E4. 

6/DSi. 

8A/C3. 

Madras — 

1A/G3. 

iAC/4. 


Dry  deciduous  scrub — (jj.  205). 

Dry  savannah  forest — (p.  207). 

Lalcrite  thorn  forest — (p.  217). 

Dry  bamboo  brake — (p.  220). 

Secondary  dry  deciduous  forest — (p.  225). 

Nilgiri  sub  tropical  hill  forest — (p.  254). 

Reed  brakes  (Ochlandra) — (p.  256}. 

South  Indian  tropical  hill  savannah  woodland— (p.  >  3  , 
Southern  montane  wet  temperate  forest — (p.  278). 
Southern  montane  wet  scrub — (p.  282). 

Southern  montane  wet  grassland — (p.  282). 


Moist  bamboo  brake — (p.  loi). 

Slightly  moist  and  moist  teak  forest — (pp.  1 16,  1 15). 
Southern  moist  mixed  deciduous  forest — (p.  1 17). 
Southern  secondary  moist  mixed  deciduous  forest — (p.  1 1 
Moist  peninsular  sal  forest — (pp.  143,  145). 

Moist  sal  savannah — (p.  146}. 

Northern  secondary  moist  mixed  deciduous  forest — (p.  i 
Terminalia  tornentosa  forest — -(p.  15 1). 

Submontane  hill  valley  swamp  forest — (p.  167). 
Riparian  fringing  forest — (p.  173). 

Very  dry  and  dry  teak  forest — (pp.  181,  182). 

Southern  dry  mixed  deciduous  forest — (p.  185). 

Dry  peninsular  sal  forest — (p.  198). 

Northern  dry  mixed  deciduous  forest — ^(p.  200). 

Dry  deciduous  scrub — (p.  205). 

Dry  savannah  forest — (p.  207). 

Euphorbia  scrub — (p.  208). 

Dry  grassland — (p.  209'' . 

Anogeissus pendula  forest — (p.  2io). 

Anogeissus  pendula  scrub — (p.  212). 

Bosivellia  iorcst — (p.  212). 

Babul  forest — (p.  214). 

Hardwickia  forest — (p.  215). 

Butea  forest — (j).  215). 

Latcrite  thorn  forest — (p.  217). 

Saline/alkaline  scrub  savannah — (p,  218). 

Dry  bamboo  brake — (p.  220). 

Southern  dry  tropical  riverain  forest — (p.  221). 
Inundation  babul  forest — (p.  224). 

Secondary  dry  deciduous  forest — (p.  225). 

Southern  thorn  forest — (p.  229). 

Southern  thorn  scrub — (p.  233). 

Ravine  thorn  forest — (p.  240). 

Zizjphus  scrub — (p.  242). 

Salvadora  scrub — (p.  244). 

Cassia  auriculata  scrub — (p.  245). 

Central  Indian  sub-tropical  hill  forest — (p.  257). 


Southern  hill-top  tropical  evergreen  forest — (p.  64). 
West  coast  tropical  evergreen  forest — (p.  65). 
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i/Ei. 

i/Ea. 

1/2S1. 

2A/C2. 

2A/C3. 

2A/2S1. 

2/E3. 

2/E4. 

2/2S1. 

3B/Ci(b,c). 

3B/C2. 

3B/2S1. 

4.AIL1. 

4B/TS1  &  2. 

4C/FS2. 

4E/RS1. 

5A/Gi(b). 

5A/C2. 

5A/G3. 

5/DSi. 

5/DS2. 

5/DS3. 

5/DS4. 

5/E4. 

5/E7. 

5/E9. 

5/1S1. 

5/2S1. 

6A/G1. 

6A/G2. 

6A/DS1. 

6A/DS2. 

6/DSi, 

7/Gi. 

7/DSi. 

8A/G1. 

8A/E1. 

8A/Gi/D.Si. 

iiA/Gi, 

iiA/Gi/DSi. 

11A/G1/DS2. 

Gane  brake — (p.  79). 

Wet  bamboo  brakes — (p.  80). 

Pioneer  Euphorbiaccons  scrub^fp.  80). 

West  Goast  semi-evergreen  forest — (p.  85). 

Tirunelveli  semi-evergreen  forest — (p.  87). 

West  Goast  secondary  evergreen  Dipterocarp  fores* — (p.  87). 
Moist  bamboo  brake — (p.  loi). 

Literilic  semi -evergreen  forest — (p.  102). 

Secondary  moist  bamboo  brakes — (p.  102). 

Slightly  moist  and  moist  teak  forest — (pp.  115,  116). 

Southern  moist  mixed  deciduous  forest — (p.  1 17)' 

Southern  secondary  moist  mixed  deciduous  forest — ’(p.  i  iq). 
Littoral  forest — (p.  155). 

Mangrove  scrub  and  Mangrove  forest — fp.  163,  164). 
Sub-montane  hill  valley  swamp  forest — (p.  167). 

Riparian  fringing  forest — (p.  173). 

Dry  teak  forest — (p.  182). 

Dry  red  sanders  bearing  forest — (p.  185). 

Southern  dry  mixed  deciduous  forest — (p.  185). 

Dry  deciduous  scrub — (p.  205). 

Dry  savannah  forest — (p.  207). 

Euphorbia  scrub — (p  208). 

Dry  grassland — (p.  209). 

Hardwickia  forest — (p.  215). 

Laterite  thorn  forest — (p.  217). 

Dry  bamboo  brake — (p.  220). 

Southern  dry  tropical  riverain  forest — (p.  22 1). 

Secondary  dry  deciduous  forest — (p.  225). 

Southern  thorn  forest — (p.  229). 

Karnatak  umbrella  thorn  forest — (p.  232). 

Southern  thorn  scrub — (p.  233). 

Southern  Euphorbia  scrub — (p.  233). 

Cassia  auriculala  scrub — (p.  245). 

Tropical  dry  evergreen  forest — (p.  246). 

Tropical  dry  evergreen  scrub — (p.  250). 

Nilgiri  sub-tropical  hill  forest— (p.  254). 

Reed  brakes  {Ochlan!ra)~(p.  256). 

South  Indian  tropical  hill  savannah  woodland— (p.  255 ). 
Southern  montane  wet  temperate  forest — (p.  278). 

Southern  montane  wet  scrub — (p.  282). 

Southern  montane  wet  grassland — (p.  282). 

Maharashtra — 

2A/G2. 

2/E1. 

2/E2. 

2'E3. 

2/E4. 

a/aSi. 

3B/Gi(b,c). 

3B/G2. 

3B/aSi. 

4A/L1. 

West  Goast  semi-evergrccn  forest — (p.  85). 

(Gane  brakes) — (p.  loi). 

(Wet  bamboo  brakes)— (p.  loi;. 

Moist  bamboo  brakes — (p.  loi). 

Lateritic  semi-evergreen  forest — (p.  102). 

Secondary  moist  bamboo  brake — (p.  102). 

Slightly  moist  and  moist  teak  forcst-(pp.'n5,  1 16). 

Southern  mo.st  mixed  deciduous  forest-(p.  .  .7) 
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4B/TS1  &  2. 

4C/F.S2. 

4E/RS1. 

5A/Ci(a.M. 

5A/C3. 

5/DSi. 

5/DS2. 

5/DS3. 

5/DS4. 

5/Ei. 

5/E2. 

S/Es- 

5/E4- 

5/E5- 

5/E7- 

5/E8. 

5/E9. 

5/1S1. 

5/183- 

5/2S1. 

6A/G1. 

6A/DS1. 

6A/DS2. 

6/E4- 

6/DSi. 

8A/C2. 

Mysore — 

1A/G3. 

1A/G4. 

i/Ei. 

1/E2. 

1/2S1. 

2A/G2. 

aA.l2Si. 

2/E3. 

2/E4. 

2/2S1. 

3B/Gi(b,c). 

3B/G2. 

3B/2S1. 

4G/FS2. 

4E/RS1. 

5A/Gi(b). 

5A/G3. 

5/DS1. 

5/DS2. 

5/DS3. 

5/DS4. 

5/E4- 

5/E7. 

5/^9- 

5/1S1. 


Mangrorc  scrub  and  mangrove  forest — (pp.  163,  164). 
Sub-montane  hill  valley  swamp  forest — (p.  167). 
Riparian  fringing  forest — (p.  173). 

Dry  teak-bearing  forest — (pp.  180-182). 

Southern'dry  mixed  deciduous  forest — (p.  185). 

Dry  deciduous  scrub —  (p.  205). 

Dry  savannah  forest — (p.  207). 

Euphorbia  scrub — (p.  208). 

Dry  grassland — (p.  209). 

Anogeissus  pen/lula  forest — (p.  210). 

Boswellia  forest — (p.  212). 

Babul  forest — (p.  214). 

Hardwickia  forest — (p.  215). 

Butea  forest — (p.  215). 

Laterite  thorn  forest — (p.  217). 

Saline/alkaline  scrub  savannah — (p.  218). 

Dry  bamboo  brake — (p.220). 

Southern  dry  tropical  riverain  forest — (p.  221). 
Inundation  iafiu/  forest — (p.  224). 

Secondary  dry  deciduous  forest — (p.  225). 

Southern  thorn  forest — ("p.  229). 

Southern  thorn  scrub — (p.  233). 

Southern  Euphorbia  scrub — (p.  233). 

Salvadora  scrub — (p.  244). 

Cassia  auriculata  scrub — (ip.  245). 

Western  sub-tropical  hill  forest — (p.  256). 


Southern  hill-top  tropical  evergreen  forest — I'p.  64'). 

West  Coast  tropical  evergreen  forest — (p.  65). 

Gane  brakes — '  p.  79). 

Wet  bamboo  brakes — fp.  80). 

Pioneer  Euphorbiaceous  scrub — fp.  80). 

West  Coast  semi-evergreen  forest — (p.  85). 

West  Coast  secondary  evergreen  Dipterocarp  forest — (p.  87) 
Moist  bamboo  brakes — <p,  loi). 

Lateritic  semi-evergreen  forest — (p.  102). 

Secondary  moist  bamboo  brakes — (p.  102). 

Slightly  moist  and  moist  teak  forests — (pp.  1 16,  1 15). 
Southern  moist  mixed  deciduous  forest — (p.  1 17). 
Southern  secondary  moist  mixed  deciduous  forest — •('p.  1 19 
Submontane  hill  valley  swamp  forest — (p.  167). 

Riparian  fringing  forest — (p.  i73)- 
Dry  teak  forest — (p.  182). 

Southern  dry  mixed  deciduous  forest — (p.  185). 

Dry  deciduous  scrub — (p.  205). 

Dry  savannah  forest — (p.  207). 

Euphorbia  scrub — (p.  208). 

Dry  grassland — (p.  209). 

Hardwickia  forest — (p.  215). 

Laterite  thorn  forest — (p.  217). 

Dry  bamboo  brake — (p.  220). 

Southern  dry  tropical  riverain  forest — (p.  221). 
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5/2S1. 

6  A/C  I. 

6A/DS1 

6A/DS2 

6/DSi. 

8A/C2. 


Secondary  dry  deciduous  forest— (p.  225). 
Southern  thorn  forest— (p.  229). 

Southern  thorn  scrub— (p.  233). 

Southern  Euphorbia  scrub— (p.  233). 

Cassia  auriculaia  scrub — (p.  245). 

Western  sub-tropical  hill  forest— (p.  256). 


Orissa — 

2B/G3. 

2/E1. 

2/E3. 

2/2S1. 

3B/Gi(c). 

3B/C2. 

3B/2S1. 

3G/Gi(d). 

3G/G2(e). 

3C/DS1. 

3/Ei. 

3/1S1. 

4A/L1. 

4B/TS(i  to  4). 

4B/TS/E1. 

4G/FS2. 

4E/RS1. 

5A/Gi(b). 

5B/Ci(c). 

5B/C2. 

5/DS1. 

5/DS2. 

5/DS4. 

5/E2. 

5/E4- 

5/E6. 

5/E7- 

s/Eg- 

5/1S1. 

5/1S2. 

5/2S1. 

8A/G3. 


Orissa  semi-evergreen  forest — (p.  100). 

(Cane  brakes) — (p.  loi). 

Moist  bamboo  brakes — (p.  loi). 

Secondary  moist  bamboo  brakes — (p.  102). 

Slightly  moist  teak  forest — (p.  ii6j.  ^ 

Southern  moist  mixed  deciduous  forest— (p.  1 17). 

Southern  secondary  moist  mixed  deciduous  forest,  (p.  1 19 '• 
Very  moist  peninsular  (coastal)  sal — (p.  I35)- 
Moist  peninsular  sal — '(pp.  I43't45)- 
Moist  sal  savannah — (p.  146). 

Terminalia  tomentosa  forest — (p.  151 

Low  alluvial  savannah  woodland  {Bo!nbax-Albizzia)—{p.  152L 
Littoral  forest — (p.  155) • 

Tidal  swamp  forest — (pp.  163-166). 

Palm  swamp — (p.  166). 

Sub-montane  hill  valley  swamp  forest — (p.  167). 

Riparian  fringing  forest — (p.  173). 

Dry  teak  forest — (p.  182). 

Dry  peninsular  sal  forest — (p.  198). 

Northern  dry  mixed  deciduous  forest — (p.  200). 

Dry  deciduous ,scrub — (p.  205). 

Dry  savannah  forest — (p.  207). 

Dry  grassland — (p.  209). 

Boswdlia  forest — (p.  212). 

Hardwickia  forest — (p.  215). 

AegU  forest — (p.  216). 

Laterite  thorn  forest — (p.  2171. 

Dry  bamboo  brake — (p.  220). 

Southern  dry  tropical  riverain  forest — (p.  221). 

Khair-sissu  forest — (p.  222). 

Secondary  dry  deciduous  forest — (p.  225). 

Central  Indian  sub-tropical  hill  forest — (p.  257). 


Punjab — 


3C/G2(a). 

5B/Ci(a). 

5B/C2. 

5B/DS1. 

5B/DS2. 

5B/DS3. 

5B/DS4. 

5/Ei/(5/Ei/DSi). 

5/E5. 

5/E8. 


Moist  Siwalik  sal  forest — (p.  136). 

Dry  Si walik  sal  forest — (p.  195). 

Northern  dry  mixed  deciduous  forest — (p.  200). 

Dry  deciduous  scrub — (p.  205). 

Dry  savannah  forest — (p.  207). 

Euphorbia  scroh — (p.  208). 

Dry  grassland— (p.  209). 

Anogeissus  pendula  forest  (Anogeissus  pendula  scrub) — (pp.  210,  212). 
Bulea  forest — (p.  215). 

Saline/alkaline  scrub  savannali— (p.  218). 
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5/R9. 

5/1S2. 

5/2S1. 

6B/C1. 

-  6B/DS1. 
6B/DS2. 

6/E4. 

6/iSi. 

9/Ci(a,b). 

9/G1/DS1. 

9/C1/DS2. 

10/Gi  (a,b). 

10/Gi/DSi. 

I2/Gi(a  to  f). 

12/G1/DS1. 

12/G1/DS2. 

12/G2  (a  to  c). 

12/E1. 

12/DS1. 

12/DS2. 

12/DS3. 

12/1S1. 

12/1S2. 

12/2S1. 

13/G1. 

I3/G2(a,b). 

13/DS2. 

I3/C3- 

i3/C4('3/«S3, 

14/2S1). 

t3/C5- 

13/1S1. 

13/1S2. 

I4/Gi(a,b). 

14/DS1. 

15/G1. 

15/G2. 

15/G3- 

15/E1. 

16/G1, 

16/E1. 

Rajasthan — 

5A/Gia. 

SA/Gib. 

5B/G2. 

5/Bi. 

5/Ei/DSi. 

5/E2. 

5/E5. 

5/E6. 

5/B9. 

5/DS1. 

5/DS2. 


Dry  bamboo  brake — (p.  220). 

Khair-sisstt  forest — (p.  222). 

Secondary  dry  deciduous  forest — (p.  225). 

Desert  thorn  forest — (p.  239!. 

SCI ub — (p.  242). 

Tropical  Euphorbia  scrub — (p.  242). 

Salvadora  scrub — (p.  244). 

Desert  dune  scrub — (p.  245). 

Himalayan  sub-tropical  pine  forests — (pp.  270,  272). 

Himalayan  sub-tropical  scrub — (p.  274). 

Sub-tropical  scrub — -(p.  274). 

Sub-tropical  dry  evergreen  forest — (pp.  276,  277), 

Dodonaea  scrub — (p.  277). 

Lower  Western  Himalayan  temperate  forest — (pp.  296,  299,  301,  304,  307,  308). 
Oak  scrub — (pp.  301,  309). 

Himalayan  temperate  secondary  scrub — (p.  309). 

Upper  West  Himalayan  temperate  forest— (pp.  310,  312,  314), 

Gypress  forest— (p.  318). 

Montane  bamboo  brakes — (p.  316). 

Himalayan  temperate  parkland — (p.  317). 

Himalayan  temperate  pastures — (p,  318). 

Alder  forest — (p.  319). 

Riverain  blue-pine  forest — (p.  320). 

Low  level  blue-pine  forest — (p.  320). 

Dry  broadleaved  and  coniferous  forest  {Quercus  iiexIP.  £erarditna) — (p.  325), 

Dry  temperate  coniferous  forest — (pp.  325,  326). 

Dry  temperate  scrub — (p.  327). 

(West  Himalayan  dry  temperate  deciduous  forest) — (p.  327). 

^Vest  Himalayan  high-level  dry  blue-pine  forest  {P.  wallichiana) — (pp.  328,  330,  336). 

West  Himalayan  dry  juniper  forest  (J.  macropoda) — (p.  328). 

HippophaejMyricaria  scrub — (p.  330). 

Populus I Salix  forest — (p.  330). 

West  Himalayan  sub-alpine  birch/fir  forest  {Bilulaj Abies) — (pp.  334,  335). 

Sub-alpine  pastures— (p.  337). 

Birchj Rhododendron  scrub  forest — (p.  338). 

Deciduous  alpine  scrub — (p.  339). 

(Alpine  pastures) — (p.  341). 

'Dvr&rf  Rhododendron  scrub — (p.  340). 

Dry  alpine  scrub — (p.  341). 

Dwarf  juniper  scrub — (p.  341). 


Very  dry  teak  forest — (p.  18 1). 

Dry  teak  forest — (p.  182). 

Northern  dry  mixed  deciduous  forest — (p.  200). 
Anogeissus pendula  forest — (p.  210). 

Anogeissus  pendula  scrub— (p.  212). 

Boswellia  forest — (p.  212). 

Butea  forest— (p.  214). 

Aegle  forest — (p.  216). 

Dry  bamboo  brakes — (p.  220). 

Dry  deciduous  scrub— (p.  205). 

Dry  savannah  forest — (p.  207). 
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5/DS3,CB/DS2, 
6/E  I. 

5/DS4. 

5/1S1. 

5/2S1. 

6B/C1. 

6B/DS1. 

6/E2. 

6/E4. 

6/E4/DS1. 

6/iSi. 

8A/C3. 

LV/ar  Pradesh — 


2/E1. 

2/E3. 

2/2S1. 

3C/C2(a  to  c). 

3C/C2/DS1. 

3C/C3(a). 

3C/G3/2S1. 

3/Ei. 

3/1S1. 

4C/FS2. 
4D/SS2,  3  &  4- 
4E/RS1. 
5A/Gi(b). 
5A/G3. 

5B/G1  (a  to  c). 
5B/G2. 

5/DSi. 

5/DS2. 

5/DS4. 

5/Ei. 

5/Ei/DSi. 

5/E2. 

5/E3. 

5/E5. 

5/E6. 

5/E8. 

5 /Eg. 

5/>S2. 

5/1S3. 

5/2S1. 

GB/Gi. 

6B/G2. 

6B/D.S1. 

6B/DS2. 

6/E4. 

9/Gi(a,b). 

9/Ci/DSi. 

9/G1/DS2. 

io/Gi(a). 

I2/Gi(  a  to  f  ). 


£«/i/!or/n'a  scrub —(pp.  208,  242,  243), 

Dry  grassland — fp.  209). 

Dry  tropical  riverain  forest — (p.  221). 

Secondary  dry  deciduous  forest — (p.  225). 

Desert  thorn  forest — (p.  239I. 

scurb — -(p.  242). 

Acacia  Senegal  forest — (p.  244). 

Salvadora  scrub — (p.  244). 

Cassia  auriculata  scrub — (p.  245). 

Desert  dune  scrub — ^(p.  245'). 

Gentral  Indian  sub-tropical  hill  forest — (p.  257). 


(Gane  brakes) — (p.  loi). 

Moist  bamboo  brakes— (p.  loi). 

Secondary  moist  bamboo  brakes — (p.  102). 

Moist  sal-bearing  forest— (pp.  135,  136,  137,  138,  139-145^ 

Moist  sal  savannah — (p.  146). 

West  Gangetic  moist  mixed  deciduous  forest — (p.  147). 

Northern  secondary  moist  mixed  deciduous  forest — (p.  150). 

Terminalia  tomentosa  forest — (p.  151). 

Low  alluvial  savannah  woodland  [Salmaiia-Albizzia — (p.  152). 
Sub-montanc  hill  valley  swamp  forest — (p.  167). 

Seasonal  swamp  forest  {Barringlonia ;  Syzygium;  Ceplalenthus) — (pp.  169, 
Riparian  fringing  forest — (p.  173). 

Dry  teak  forest — (p.  182). 

Southern  dry  mixed  deciduous  forest — (p.  185). 

Dry  sal-bearing  forest — (pp.  194,  196  &.  198). 

Northern  dry  mixed  deciduous  forest — (p.  2001. 

Dry  deciduous  scrub — (p.  205). 

Dry  savannah  forest — (p.  207). 

Dry  grassland — (p.  209).  .. 

Anogeissus  pendula  forest — -fp.  210). 

Anogeissus pendula  scrub — (p.  212). 

Boswellia  forest — (p.  212). 

Babul  forest — (p.  214). 

Butea  forest — (p.  215). 

Aegle  forest — (p.  216). 

Saline/alkalinc  scrub  savannah — (p. 

Dry  bamboo  l)rakc — (p.  220). 

Khair-sissu  forest — (p.  222). 

Inundation  babul  forest — (p.  2241. 

Secondary  dry  deciduous  forest — (p.  225). 

Desert  thorn  forest — (p.  239). 

Ravine  thorn  forest — (p.  240). 
scrub — (p.  242). 

Tropical  Euphorbia  scnih— (p.  242). 

Sahndorn  scrub — (p.  244  '. 

Himalayan  sub-tropical  pine  forrst-{pp.  270,  272). 

Himalayan  sub-tropical  scrub — (jr.  274). 

Sub-tropical  EuphorLia  scruh — (p.  274) 

Olea  cuspidata  scrub  forest— (p.  276; . 

Lower  Western  Himalayan  temperate  forest-(pp.  296,  299,  301,  304,  307,  3 


1 7"  I ; I 


JO' 


B',. 
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12/Ci/DSi. 

la/Ci/DSa. 

I2/C2(  a  to  c). 

12/DSi. 

12/DS2. 

12/DS3. 

12/E1. 

12/1S1. 

12/1S2. 

12/2S1. 

13/C1. 

I3/G2(a,b). 

13/C3. 

i3/G4(t3/iS3, 

14/2S1). 

i3/C:5- 

13/1S1. 

13/1S2. 

I4/Gi(a,b). 

14/G2. 

14/iSi. 

14/1S2. 

14/DS1. 

15/C1. 

15/G2. 

15/G2/E1. 

I5/C3- 

16/G1. 

16/E1. 

IWit  Bengal — 
i/Ei. 

2B/G1/1S1. 

2B/G1/2S1. 

2/2S1. 

3G/Gi(a,b,c). 

3G/G2(b,c). 

3G/G2/DS1. 

3G/G3(b). 

3G/G3/2S1. 

3/1S1. 

3/iS2(b). 

,  4A/L1. 

4B/TS1  to  4. 

4B/TS/E1. 

4G/FS2. 

4D/SS. 

4E/RS1. 

5B/Gi(c). 

5B/G2. 

5/DS1. 

5/DS2. 

5/E5. 

5/E8. 


Oak  scrub — (p.  309). 

Himalayan  temperate  secondary  scrub — (p.309). 

Upper  West  Himalayan  temperate  forest — (pp.310,  312,  314'!. 

Montane  bamboo  brakes — (p.  316). 

Himalayan  temperate  parkland — (p.  317)" 

Himalayan  temperate  pastures — (p.  318). 

Gypress  forest — (p.  318). 

Alder  forest — (p.  319). 

Riverain  blue-pine  forest — (j).  320). 

Low-level  blue-pine  forest — (p.  320). 

Dry  broadleaved  and  coniferous  forest  (Quercus  ilexIP.  gerardiana) — (p.  325). 

Dry  temperate  coniferous  forest — (pp.  325,  326). 

(West  Himalayan  dry  temperate  deciduous  forest). — (p.  327^ 

West  Himalayan  high-level  dry  blue  pine  forest  (P.wallichiana) — (pp.  328,  330,  336). 

West  Himalayan  dry  juniper  forest — (J.  macropoda). — (p.  328). 

HippopkaejMyricaria  scrub — (p.  330). 

PopulusISalix  forest — (p.  330). 

West  Himalayan  sub-alpine  birch/fir  forest  {Belulal Abies)— {pp.  334,  335). 

East  Himalayan  sub-alpine  birch/fir  forest — (p.  336). 

{HippophaejMyricaria  brakes) — (p.  336). 

(Deciduous  sub-alpine  scrub) — (p.  336). 

Sub-alpine  pastures — (p.  337)- 

Bhchj Rhododendron  scrub  forest — (p.  338). 

Deciduous  alpine  scrub — (p.  339)- 
Tiveaxi Rhododendron  scrub — (p.  340). 

(Alpine  pastures). — (p.  341). 

Dry  alpine  scrub — (p.  34*)- 
Dwarf  juniper  scrub — (p.  34i)' 


Gane  brakes — (p.  79)  • 

Sub-Himalayan  light  alluvial  semi-evergreen  forest— (p.  95)* 

(Pioneer  Euphorbiaceous  scrub)— (p.  96). 

Secondary  moist  bamboo  brakes — (p.  102). 

Very  moist  hill,  Wfliar  and  tarat  sal  forest — (pp.  128,  130,  131,  133,  • ’ 
Moist  sal -bearing  forest — (pp.  137,  I39)- 
Moist  sal  savannah — (p.  146). 

East  Himalayan  moist  mixed  deciduous  forest— (p.  149)- 
Northern  secondary  moist  mixed  deciduous  forest— (p.  150). 

Low  alluvial  savannah  woodland  (5am6ao-.<4/6i2:2:ia)  (?• 

Terminalia — Duabanga — (p.  I54)- 
Littoral  forest — (p.  I55)* 

Tidal  swamp  forest— (pp.  163,  166). 

Palm  swamp — (p.  166). 

Sub-montane  hill  valley  swamp  forest— (p.  167). 

Tropical  seasonal  swamp  forest— (pp.  169,  171). 

Riparian  fringing  forest — (p.  i73)- 
Dry  peninsular  sal  forest — (p.  i98}. 

Northern  dry  mixed  deciduous  forest— (p.  200). 

Dry  deciduous  scrub— (p.  205). 

Dry  savannah  forest — (p.  207)- 
forest — (p.  215). 

Saline/alkaline  scrub  savannah— (p.  218). 
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5/E9- 

5/1S2. 

5/2S1. 

8B/C1. 

9/Ci(a,b). 

9/Gi/DSi. 

I  iB/Ci  (a  to  c). 

12/C3(a). 

12/DS1. 

12/DS2. 

12/DS3. 

I2/lSl. 

I3/C6. 

13/C6/E1. 


Dry  bamboo  brake — (p.  22o)' 

A'AaiV-Jiwuforcst— ip.  222). 

Secondary  dry  deciduous  forest— (p.  225  / . 

East  Himalayan  sub-tropical  wet  hill  forest  (p.  260). 
Himalayan  sub-tropical  pine  forest — (pp.  270,  272). 
Himalayan  sub-tropical  scrub  p.  274)* 

East  Himalayan  wet  temperate  forest— (p.  286-288) . 

East  Himalayan  mixed  coniferous  forest — (p.  315)- 
Montane  bamboo  brakes — Ip.  316). 

Himalayan  temperate  parkland — (p.  317). 

Himalayan  temperate  pastures — (p.  318). 

Alder  forest— (p.  319)- 

East  Himalayan  dry  temperate  coniferous  forest — (p.  328). 
Larch  forest  {L.  griffithiana) — (p.  329)- 
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APPEN 

ANALYTICAL  DATA  FOR  SOME 
(Thornthwaite’s  1948  climatic  types  are  given.  Ar=Per  humid  with  little  or  no 
with  little  or  no  water  deficiency;  Bw=:Humid  with  moderate  winter  water  deficiency 
water  surplus;  Cw=Sub  humid  with  moderate  summer  water  surplus;  Dd=Semi  arid 


Forest 

Type 

Locality 

Altitu¬ 

de 

(metr¬ 

es) 

Geo- 

logy 

Topo¬ 

graphy 

Wate 

tabh 

(met 

res) 

Ncar- 
r  est 

j  Mctco- 
rologi- 
c.al 

station 

Clima¬ 

tic 

type 

Soil 

type 

Depth 

(cm.) 

Mechanical  composition 

Coarse 
s  and 

% 

1  Fine 
s  and 

9/ 

/o 

Silt 

1 

Clay 

% 

z 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

12 

13 

14 

Andamans 

Tropical 

evergreen. 

(1A/G2) 

1939  area, 
Parlob  Is¬ 
land,  Mid¬ 
dle  Anda¬ 
mans. 

16 

Argilla¬ 

ceous 

sand¬ 

stone 

with 

quart¬ 

zite 

Hill 

slope 

3 

Port 

Blair 

Ar 

Red 

earth 

0—7 

7—30 
30—74 
74—107 
107 — 127 
127 — 165 

42-3 

28-5 

34*1 

11-7 

7-8 

12*6 

22*7 

17*2 

9’4 

180 

33*8 

27-1 

15*0 

10*0 

to*o 

i7’5 

17*5 

I5‘0 

15  0 
42-5 
65  0 
42 ’5 
40 'O 
37-5 

West  Coast 

Tropical 

evergreen. 

(1A/G4) 

Block 

XXVII 

East  Kana- 
ra  Division, 
Mysore. 

594 

Granitic 

gneiss 

Hill 

slope 

61 

Manga¬ 

lore 

Aw 

Late- 

ritic 

0—8 

8—45 

45—112 

112—178 

17-5 
17-6 
42  2 
15*7 

9-6 

9‘7 

7'5 

20*0 

25*0 

17-5 

12*5 

27’5 

45*0 
52*5 
35*0 
35  0 

West  Coast 

Tropical 

evergreen. 

(1A/G4) 

Comptt.  14, 
Silent  Val¬ 
ley,  Pal- 

ghat  Divi¬ 
sion,  Kerala. 

1220 

Gneiss 

granite 

Upper 

hill 

slope 

Deep 

Cochin 

Bw 

Late- 

ritic 

7—36 
36—91 
91  —  175 

27*9 
27*6 
17-8 
23- 1 

15-65 

i6'  I 

160 

13-3 

30-0 

27*5 

2-5 

I0‘0 

25*0 
250 
60 'O 
500 

Assam  Val¬ 
ley  tropical 
Wet  ever¬ 

green 

(iB/Gi) 

Comptt.  38, 

U.D.R.East, 

Lakhimpur 

Division, 

Assam. 

152 

Alluvi¬ 

um 

Alluvi¬ 
al  plain 

Deep 

Dibru- 

garh 

Br 

Allu¬ 

vial 

0 - 13 

13 - 61 

61 - 1  17 

117—175 

22-3 

13*2 

7-8 

22-8 

26  6 
19  3 

23*9 

360 

45-0 

32*5 

37*5 

22*5 

5*0 

35*0 

300 

15*0 

Slightly  moist 
teak. 

(3B/Gia) 

Allapalli28, 
South  Cha¬ 
nda  Divi¬ 
sion,  Maha¬ 
rashtra. 

183 

Gneiss 

& 

quart¬ 

zite 

Hill 

slope 

10 

Chanda 

Cw 

Red 

0 — 23 

23—76 

76—183 

26-5 

31-5 

58-5 

28 '0 

23*0 

23*6 

17*5 

22-5 

5-0 

27*5 

22*5 

7*5 

Moist  teak. 

(.3B/Cib) 

Bori  8 1 -A, 
Hoshanga- 
bad  Divi¬ 
sion,  M.P. 

427 

Basalt 

Flat 

undu¬ 

lating 

Shal¬ 

low 

Indore 

Gw 

Brown 

earth 

0—23 

23—64 

64—91 

91  — 126 

28-2 

22-2 

36-5 

45’ 7 

20*2 
186 
26*6 
26 -6 

17*5 

22‘5 

15*0 

15’0 

37*5 

30*0 

15*0 

7*5 

Very  moist 
teak. 

(sB/nic) 

Comptt. 

158,  VVallu- 

vasseri, 

Nilambur 

Division, 

Kerala. 

30 

Allu¬ 

vium 

Valley 

bottom 

'5 

Vilam- 

bur 

Bw 

Allu¬ 

vial 

0 — 23 

23 — 61 

61 — 9> 

91  —  183 

3-8 

2-7 

2-9 

2-8 

34-3 
34-9 
37-9 
34- > 

20  0 
20  0 
22-5 
35-8 

37*5 

37*5 

32*5 

27*5 

( 

Moist  Siwa-  | 
Ilk  Sal. 
(3C/G2a)  1 

Hetl>an, 

.Saharanpur 

Division, 

U.P. 

457 

Siwalik 

:onglo- 

merate 

Hilly 

Deep 

Dchra 

Dun 

Br 

Jrown 

brest 

0—28 
28—76  1 
76 — 128' 
128— 1 68 

35 ‘5 
350 

79*0 

54-1  1 

47-6 
44-6 
13-7 
26-7  1 

9-6 

12-5 

a-T) 

7’5 

1-6 

5*0 

2-5 

7*5 
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DIX  B 

TYPICAL  SOILS 

water  deacieiicv  Aw=Per  humid  with  m  )derate  winter  water  deficiency;  Br=Humid 
Qfl  —  gul)  humid  with  little  or  no  water  surp’.us;  Cs  =  Sub  humid  with  modciatc  winter 
with  little  or  no  water  surplus;  Ed = Arid  with  little  or  no  water  surplus). 
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5- 8 

6- 8 
5-9 

4-7 
3*8 
7*6 
2’  I 
6-6 
1*5 
3*9 

0-14 

0’o8 

0’i4 

0*20 

0’o8 

0’  1  I 

0-17 

o*o6 
O’ 04 

0  -  06 
0’o6 

O’ 08 
0’o6 
004 

0-40 
0*37 
0-46 
0’39 
O’ 28 
0‘4i 

0-29 

O  ’ 02 

0*02 
O’ 02 

O  ’ 02 

O’ 02 

002 

O’02 

12-8 

9-8 

7'9 

8-  I 
8-0 
8-2 
7-8 

0-6 

0*4 

0’6 

0’6 

0-4 

0’6 

0*6 

0'6 

0*4 

0’2 

0-2 

0-2 

0-2 

0’2 

0*0015 
O’OOIO 
O’ 001 

0 • 0000 

0 • 0003 

0 • 0006 

0 ’ 0004 

0*034 

0*034 

0’024 

0028 

0*031 

O  ’ 050 

O’ 04  I 

38  + 

30-8 
40 'O 
35*2 

26 -3 
27'5 

25'0 

308 

0'076 

0-056 

0’049 

0-031 

74-4. 
74'<> 
78-9 
77- 1 

12-6 

150 

M-3 

9-7 

0*38 

0’2g 

O’  25 
0-28 

0-29 

0-64 

0-33 

0-47 

I  '75 

I  -59 
I'42 
I'll 

0-05 

O’ 03 

0’3 

0-04 

i8'6 

17-9 

13-3 

15-2 

12*0 

I  I  ’0 
9*6 
8’8 

2-2 

O’  2 
2’0 
0-2 

O  ’ 003 
0*005 

O’ 007 
0006 

O’Oi  I 

o’o:8 

0-012 

O’ 039 

29-0 

32-6 

31 '8 

12*3 

i8‘0 

20-8 

0-056 

0.’  04 1 

0’0I3 

I  ’00 

0-24 

0*76 

6- 1 
VO 

5’0 

90-6 

84-5 

80 '2 

2- 4 

4-0 

3- 6 

2-6 

7-1 

5-2 

O' 28 

0-34 

0-46 

O’  I  I 

0’23 

0*31 

0*54 

0-38 

0’45 

0’  27 

O’  2  I 

019 

I  I  -0 

19-8 

i6'9 

r.'8 

I  I  'O 
12-8 

0-8 

0'2 

20 

O’ 001 

O’ 002 

0 • 005  < 

O’OIO 

0*012 

O’ 006 

>•043 
>•031 
>•01 1 
’OI7 
•Of'C 

35 '7 

36 -8 

74 -9 

80 -8 
7U-3 

29-  I 

40-9 
49- 1 
39-9 
340 

0-07 

0’05 

0’07 

O’OI 

0-05 

1-5 

1-3 

1-8 

0-7 

22 

58 

3-9 

7-1 

7-3 

7-4 

67-2 

64-9 

59'7 

58 -9 

63-9 

If) ’4 
10-7 
I3‘i 
If  I 
6-4 

I  2’2 
12-8 
i6-9 
'4-9 
'7-4 

2'0 

1-8 

1-3 

I  0 
>  -5 

0-34 

O'  14 
0-46 
0-36 
0-46 

0’  14 
0’2I 

0-36 

0-27 

0-44 

0*05 

0*1.6 

O’ 04 
0-02 

0  • 

1 

53*6 

56 ’4 
CG’2  I 
72-2 

1 

42 ’2 
37*0 
40-4 
88*4 

66-8 

5-0 

0-8 

3-2 

3-4 

2-6 

0 ’ 0049  ( 
O’OOOO  c 

0*0025  c 
O’OOIO  c 
0*0049  <■ 

86-9  ' 
60-3 

1 

46-3 

33 '4 

j 

007 

O’02 

•■5 

1-7 

*•3 

J’6 

1 

58  •  9 

66’  I 

5’ 7 
9*6  ! 

1 

i8-8 

11-3 

8-32 

0-39 

O’  12 

O’  14  j 

0-34 
0-50  j 

1 

O'OS  1 

o’o6 

67-8  ^ 
405 

40 ’4 

X4’4 

2.2! 

I  ’4  1 

O’OO 

O’  152 

1 

0*00 

O’OO 

360 


Forest  Type's  of  India 


APPENDIX 


I  1 

2 

3 

4  1 

5 

6  I 

9 

10 

1  I 

12 

13 

14 

Southern  dry 
Rtixed  deci¬ 
duous  (dr- 
eraded) 

(5A/C3(DSi) 

Sahibiiagar, 

Hyderabati 

Division, 

Andhra 

t*radesh. 

518  C 

g 

ranitic 

leiss 

iMaieau  ' 
undu- 
ating 

21  Is 
\ 

(? 

urnool, 

t'arran- 

al 

Dd 

( 

d 

Red 

>ouI- 

ry) 

0—13 

13—127 

27—183 

64*0 

46-6 

34*7 

24*0 

17*9 

22*9 

2*5 

2-5 

7*5 

7*5 

25-0 

7*5 

Southern  dry  1 
mixed  deci-  1 
duous. 

(5A/C3) 

(Casuarina 

plantation) 

Marsendra, 

Bangalore 

Division, 

Mysore. 

79»  C 

Granite 

Plateau 

Flat 

upland 

to  E 

1 

langa- 

ore 

Ud 

Red 

0—8 

8—56 

56 — 102 
02 — 165 

39*5 

28  3 
25*7 

30-7 

14-0 

15*2 

14-5 

12*0 

25*0 

5*0 

10*0 

15*0 

20*0 

50-0 

47*5 

40*0 

Southern  dry 
mixed  deci¬ 
duous  (de- 

fraded). 

(5A/C3(OSi) 

Vandalur, 

Saidapet 

Division, 

Madras 

jneiss 

Plateau 

Shal¬ 

low 

Madras 

Cs 

led 
cal- 
areo- 
ts  be- 
ow 

10  cm.) 

0 — 10 

10 — 20 

20 — 51 

.*>* 

below. 

644 
51-8 
30- 1 

32 -6 

256 

37-8 

390 

21-6 

50 

2-5 

100 

7*5 

5*0 

7*5 

t7*5 

30-0 

Dry  plains 
sal. 

(SB/Cih) 

Motipur, 
Bahraich 
Division, 
Uttar  Pra¬ 
desh. 

\lluvium 

Flat 

Gorakh¬ 

pur 

ICheri 

Cw 

Allu¬ 

vial 

0 — 23 
23—61 

61  — 122 
122 — 183 

20-0 

19*0 

i8*i 

25*2 

46*  2 

44*9 

42*3 

42*4 

15*0 

12*5 

17*5 

100 

15*0 

200 

20-0 

20-0 

Dry  peninsu¬ 
lar  sal. 

(5B/C1C) 

Rambadevi 
Block  Deo- 
garh  Divi¬ 
sion,  Orissa. 

3«5 

Granite, 

schist, 

quart¬ 

zite 

Plateau 

undu¬ 

lating 

8 

Angul 

Sambal- 

pur 

Cw 

Black 

xStiflf 

cal¬ 

careo¬ 

us). 

0—15 

15—58 

58—92 

92 — 122 

6-2 

8-7 

19*3 

483 

i6-7 

14*7 

13*0 

13*4 

35*0 

32*5 

32*5 

12-5 

30*0 

275 

27*5 

12-5 

Southern 
thorn  (de¬ 

graded) 

(5A/Gi(DS0 

Anaboor, 

Chitradurg 

Division, 

Mysore. 

701 

Gneiss 

Plateau 

21 

Bellar>' 

Ed 

Red 

0 — 46 
46—76 
76-168 

*''2 

236 

37-4 

JO- 2 
23-8 
306 

17*5 

17*5 

100 

15*0 

27*5 

10.0 

Desert  thorn 

(degraded) 

(GB/Ci(DSi) 

Nimdi-da- 
lot,  Hissar 
Division, 
Punjab. 

•  • 

Aeolian 

sand 

Alluvial 

plain 

30 

Delhi 

Ed 

Deiert 

0—7 

7—23 

23—183 

8-8 

8-6 

93 

83-5 

80- 5 

81- 2 

2*5 

2‘5 

2-5 

5*0 

7*5 

5*0 

Desert  thorn 
(6B/C1) 

Guda-And- 
la,  Jodhpur 
Division, 
Rajasthan. 

2IQ 

Alluviiiir 

Valley 

bottom 

6 

Jodhpur 

Dd 

Desert 
(cal¬ 
careo¬ 
us  be¬ 
low 

60 

cm.) 

0—7 

7—61 
61—91 
01—130 
130 — 154 
154— 

31  ’6 
37'3 
44-5 
38-6 
47'  ■ 
17-0 

31*9 

22*6 

15*6 

14*2 

13-6 

7*20 

17-5 
I2'5 
5*0 
2  5 
5*^> 
2*5 

17*5 

22-5 

15*0 

15*0 

15*0 

17*5 

Desert  thorn 

(degraded) 

(6B/Ci{DSi 

Kailana, 

Jodhpur 

Division, 

Rajasthan. 

3‘>5 

>an'l- 

tone 

Hilly. 

undu¬ 

lating 

22 

Jodhpor 

Ed 

Desert 

(cal¬ 

careo¬ 

us) 

0—53 

53— be- 

low. 

24*9 

9*2 

56  s 
659 

5-0 

2-5 

lO’O 

125 

Ravine  ihori 

(6B/G2) 

1  Chaugan, 
V’rajbluinji 
Division, 
Uttar  Pra 
desh. 

i6q 

I 

AUuvitin 

i 

1 

r»  Alliivi:! 
plain 

1 

to 

Agra 

D.i 

Allu¬ 

vial 

(<’*1- 

care- 

ous 

kan- 

iker 

Ipan 
at  60- 

0 — 15 
15—61 
61  — 13' 
1 50 —  1 8. 

1 

0-7 
0*2 
>  0*5 

\  0-6 

62 '7 
65 -7 
33-3 
70*  I 

! 

12-5 
10*0 
*0  •  0 

50 

10*0 

10*0 

a<>  •  0 
5<' 

at  6o« 

I 


r 
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B — (contd.) 


15 

16 

17  1  18 

1 

19 

20 

21 

22 

23 

24 

25 

26 

*7 

28 

29 

1 

30 

s» 

28  9 
50-0 
47*6 

6-7 

17-9 

14-6 

0*03 

0*02 

0’02 

0*9 

0*9 

0*2 

5-6 
5- 3 
6*0 

a+'o 
826 
80 -2 

•3 

2*6 

4*0 

! 

0*9 

3*3 

0*6 

0*17 

O  ’ 28 

0*79 

O’ 08 
0*02 
006 

0-  16 
0-31 
0-42 

O  ' 04 
0*04 

O' 06 

12- 4 

13- 7 

'5-5 

7-2 

1 1-6 
13-6 

0*4 

0*4 

0-6 

0*0074 

0*0074 

0*0099 

0*037 

0*022 

0*014 

30 -2 
37*5 
40*8 

40*5 

i8-7 

199 

22*2 

21-9 

0*038 

0*036 

0*032 

0*013 

1-35 

0*93 

O  ’ 69 
0*28 

4’9 

51 

6*  2 
7*2 

S  ', -2 
75-8 
81  -5 
72-0 

*  1 

2*6 

2*7 

2*9 

8*9 

15*3 

9’3 

173 

0*22 

0*17 

0*11 

0*22 

O  ’ 02 
O  ’ 06 
0*02 

0*02 

O'  17 

O  '  29 
0*36 
0-34 

O' 06 

0*03 

0*01 

0*02 

13*8 
23 -5 
23*0 
21*4 

0*8 

I  -o 

•2 

1*0 

0*4 

O' 4 
0'6 
0*6 

0 • 000 1 

0 • 000  r 

0*0012 

0*0017 

0*023 

0*024 

0*047 

0*024 

24*8 
30 -2 
37-4 
93-2 

6-9 

i8-9 
26*0 
57- 1 

0*02 

0*01 

0*02 

0*02 

0*9 

007 

0*07 

ooC 

T*5 

7*5 

9-0 

9*3 

8  -,  I 
84() 
77-3 
67-4 

8*3 

10*2 

13-9 

8*6 

2-6 

1*7 

3*5 

11*4 

o*  14 
0*17 
0*31 
045 

o*  16 
0*07 
0*  10 

O'  10 

O' 04 

O'  12 

0*12 

0*07 

006 
o*o8 
O'  15 

O’  12 

*3*9 
15*5 
21  ‘U 
42*5 

7*0 

4*4 

2*2 

7*4 

0'2 

0-8 

0*6 

I  0 

o*oo5 

0*01  I 

0*007 

0*016 

0019 

0-003 

0003 

0*006 

3<>'7 

27*8 

29*5 

28-9 

20*9 
IQ -6 
19-8 
181 

0*10 

0  ■  05 
0*01 
0*05 

2*00 

o*C3 

u-48 

0*62 

7*0 

7*3 

7'U 

7*0 

88-7 

87-7 

8-1 -7 
86-4 

6- 84 

8  08 

9-71 

8  90 

0*21 
0*17 
o*  14 
o*  16 

0-37 

0-38 

0*78 

o'6i 

O' 55 

O' 61 
0*71 
0*92 

008 

O'  14 

O  ' 02 
0*07 

10*  08 
io*o8 
9*  12 
9’  12 

3'4 

3-0 

2-8 

3-2 

0'4 

0*8 

0'4 

0'4 

0*012 

0*010 

0*012 

o*oi6 

0*070 

0*089 

0*027 

0*013 

68  0 
75'7 
69-2 
34-3 

421 

43*5 

411 

30*2 

0*03 

0()3 

0*01 

001 

0*9 

0*6 

0*6 

0*3 

7*4 

7*7 

7-8 

7*5 

75-7 
7'-5 
54 -5 
75-9 

8*6 
9- 1 
9-6 

10*6 

6*2 

8*9 

*4-5 

4-8 

1*23 

2*52 

1  -63 

I  '96 

O' 08 
O’  10 
om)8 
O' 08 

o*i8 

O  ' 22 
O'  19 
O*  12 

0*05 

0*04 

O  ' 06 
O' 04 

40 '  I 
40*4 
38*2 
34  0 

30*0 
29*2 
25 '8 
180 

2*8 

2-6 

30 

2*6 

0*0021 

0*0021 

0 • 0009 
0*0028 

0-065 

0  •  084 
0-084 
0-084 

37-9 
44  5 
34-b 

22  *4 
15- 1 
21  2 

0*04 

006 

0*01 

1-37 

1-5 

0*52 

6-5 

6*9 

7*2 

82-6 

788 

82-5 

3‘' 

5’4 

6*7 

10*6 

12*3 

5*9 

0*20 

0*25 

0*42 

0  •  20 

O-  12 

O’  10 

027 

O  '  24 

0'  19 

005 

005 

003 

3**9 
22 '2 

I  6  - *2 

7-6 

10-6 

12-8 

0*6 

I  *0 

1*2 

0*01  I t 
0*0124 
0*0009 

0*01  1 
o*oog 
o-oog 

28*8 
3*5 
29 -9 

17-9 

9-8 

90 

0*02 

0*02 

0*01 

0*2 

0*2 

0*2 

6-9 

6-8 

6-8 

94-7 

92-9 

94' 

1*8 

2  *  I 

>  '4 

2*3 

3*3 

3-6 

0*62 

0*67 

048 

004 

0'02 

0*02 

0-35 

0*30 

O  ' 29 

o*(»8 

0*07 

O' 06 

134 

10*3 

go 

3-0 

3- 6 

4- 4 

0'2 

0*4 

0*2 

0*0022 

0  *  0004 

0  *  0009 

0*017 

o*oo6 

0*011 

4<>5 

45*5 

37-1 

485 

489 

49*2 

24  1 

24  O 
*5' » 
I9’8 
22-6 
24 -5 

0*07 

0*12 

0-03 

0*05 

0  02 

0*02 

1  *2 
0*5 

0*5 

0*5 

0*6 

0*2 

6- 7 

7- 2 
7-7 

7- 8 
6-7 

8- 6 

876 
848 
75-5 
698 
65  - 1 
46-3 

3- 8 

4- 8 
3*4 
4*5 
7*2 
2*4 

4*5 

6*  I 
6*8 
9’4 
10*2 
22*3 

0*62 

0*89 

8-79 

10*0 

916 

22*9 

O'  10 

0'  12 
0*26 

O’  24 
0-28 
0*22 

1  •  13 

I  '28 

O  ' 98 

1*06 

I  *04 

0*63 

0*03 

0*04 

O  ' 06 

O' 05 

O' 06 
o*o6 

31-84 

41-3 

12-7 

12-6 

9-5 

7-» 

90 

17-0 

8-6 

7-6 

4-6 

3-8 

0*4 

0*6 

0*6 

0-8 

0*6 

0*4 

0  *  0009 
0*0019 
0*0023 

0  *  0030 

0  *  003 1  < 
0*0034 

□  •036 
0*031 
J034 
0*017 
0-034 
0*025 

30*4 

36-8 

15  3 

i8-0 

0*02 

O' 02 

0*24 

014 

8  0 
8*0 

85-2 

77-5 

1*4 

0*8 

5*9 

13*2 

4-79 

833 

o*  14 
0'<)8 

0*56 

0*36 

0*03 

0*06 

7-3 

7-0 

4-6 

4*2 

0*4 

0*6 

0*0031  < 
0*0029  < 

0*014 
)*01  1 

39*7 
43*8 
52  •  J 
34*  I 

23*5 

1 6*  3 
30*8 
23-5 

0*05 

0*02 

0*03 

0*01 

0*4 

0*17 

0  14 

0*07 

7- 8 
81 

8- 3 

8-5 

84- 7 
80  •  7 
p-4 

84-5 

1 

3-5 

3*2 

2-7 

2*6 

5*5 

I  1*9 
i8*9 
10*7 

4  5 
2*2 
5*0 
3-8 

o*oG 

0*02 

0'02 

004 

0-64 

1  -62 

I- 6s 

0-85 

0'07 

O  ' 08 

O' 09 

O  ' 06 

i6'3 

15-4 

14  2 
12*1 

7-2 

7- 2 

8- 0 
3-8 

0-6 
0-6 
0-8  1 
0-6  ] 

0*0023  ( 
0  0015  '< 
0*0019  !( 
0*0038  l( 

1 

)‘0I4 

0*014 

0*01  I 

)*oo8 
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'  1 

2 

3  1 

4 

5 

6 

7 

8 

9 

10 

I  I 

12 

13 

14 

Ravine  thorn 
(6B/Ca) 

Nurabad, 

Gwalior 

Division, 

Madhya 

Pradesh. 

1 

V 

s 

s 

iand 

tone 

hale 

Ravine 

8 

Agra 

Ltawah 

Cd 

Saline 
cal-  1 
care- 
3US  1 
:>elow 
75  cm. 
Kan- 
kar 
pan 
at  75— 
120 

cm. 

0 — 18 
18—76 
76 — 122 
122 — 183 

9-7 

25 

to 

I  ’O 

65-4 

51*0 

48*0 

48-6 

7-5 

20-0 

12*5 

lo-o 

15*0 

20  0 
20’0 
17-5 

50 

250 

2*5 

lO-O 

2*5 

Rann  saline 
thorn. 

(6/^3) 

Radhanpur 

Range, 

Banaskantha 

Division, 

Gujarat. 

Alluvium 

Alluvial 

plain 

4 

(un¬ 

dula¬ 

ting) 

Blmj 

Kd 

Sal  inc/ 
alkali 
(cal¬ 
care¬ 
ous) 

0—13 
13—46 
46—76 
76—168 
168 — 183 

0-25 
0*20 
6-6 
0*  I 
0-35 

68-6 
180 
80 '6 

46-3 

73-6 

17-5 
32  *5 
2-5 
20*0 
5*0 

Hinfialayan 
chir  pine 
(9/Cib) 

Kasol  Kho- 
bas  Comptt. 
No.  2,  Kulu 
Forest 
Division, 
Punjab. 

1365 

Quart¬ 

zite; 

.Mica 

schist 

Hilly 

Simla 

Br 

Im¬ 

mature 

0—4 

4—13 

13—73 

73—102 

102 — 154 
154— 

below 

1 1  -6 
21*5 
24*  1 

387 

39*7 

29*5 

21  -2 
375 
42 -3 

47-2 

45  b 

39*6 

22-5 

28-6 

31-6 

288 

27-6 

25-5 

9-2 

10-3 

220 

39- 1 
42-3 
370 

4-5 

60 

5’2 

3-6 

3*2 

5*3 

231 

23-4 

27- 1 

Ban  oak 
(Q.  incand) 
(la/Gia) 

Chaubattia, 
Kumaon 
Hills,  Uttar 
Pradesh. 

I 

.  1859 

Garneti- 

ferous 

biotitc 

schist  & 

granite 

gneiss 

Hilly 

Rani- 

khet 

Ar 

Brown 

forest 

0—30 

30—51 

51—91 

I  *10 
0-8 

I  0 

Moru  oak 
( Q .  dilatata) 
(I2/Clb) 

Lurli  I, 
Chakrata 
Division, 
Uttar  Pra¬ 
desh. 

2209 

Shale 

Hilly 

Chakrata 

Ar 

Brown 

forest 

0 — 16 
16 — 60 
60 — 102 
102—183 

2-3 

1 1*4 
(>•8 
0*8 

25*3 

26*0 

20-4 

24*8 

450 
300 
47-6 
20  0 

22*5 

30-0 

32'5 

47-5 

Moist  deodar 
{(Cedrus) 

I  2/C  1  c) 

Borsu  r/31 
Comptt. 
Kulu  Forest 
Division, 
Punjab. 

2406 

Mica 

schist 

Hilly 

Simla 

Br 

Pod- 

sol 

0 — 10 
10—36 

36—44 

44—67 

67— 

below 

5-4 

II-4 

5-9 

4-9 

7-1 

i9'6 
25'3 
17-7 
■  7-5 
249 

45-6 

47-9 

50'4 

52-  1 

53- 2 

8-3 

7*5 

8-7 

133 

6-8 

Western  mix¬ 
ed  coniferous 
(i2/Cie) 

Gompt. 

3.  Veshav 
Block,  Hari- 
pur  Range, 
Kashmir. 

2590 

Karewa 

deposits 

(lacust¬ 

rine) 

Undu¬ 

lating 

•  • 

Srinagar 

Cw 

Brown 

earth 

0 — 25 

25—43 
43—53 
53— 9  > 
91—137 

0*  1 
0-4 
0’7 
0-9 

I  0 

19*3 

25*5 

24*3 

284 

243 

21  6 
25*5 

I9'5 

52- 3 

530 

526 

47-6 

5''4 

55-4 

47-5 

33-2 

41-5 

36  9 

44-8 

4'  8 
41O 

53- 2 

15-5 

15-9 

,7-8 

140 

I4’4 

i8-5 

2I'I 

23-0 

28-5 

39-6 

i8'0 

22-9 

17-8 

14-8 

West  Hima¬ 
layan  upper 
oak -hr 
(la/Cab)  . 

Deoban  pA, 
Chakrata 
Division, 
Uttar  Pra¬ 
desh. 

1 2819 

1 

'Lime 

jstonc, 

ischist, 

quart¬ 

zite. 

1 

Hilly 

upper 

slope 

Cliakrata 

Ar 

! 

Pod- 
sol  ic 

0 — 14 
14—30 

30—68 

68—84 

84—193 

I  0 
0*6 
0-3 
0-6 
0*8 

l.ow  level 
blue  pine 
(12/2S1) 

Comptt. 

61,  Raina- 
1  wari  Range, 

'  Kashmir. 

!  1839 

1 

1 

'Karewa 

deposits 

(lacust¬ 

rine) 

Undu¬ 

lating 

Srinagar 

1  Cw 

i 

1 

1 

Imma¬ 

ture 

pod- 

jsol 

0“”9 

9—41 

41—88 

88— 

below 

1*7 

5-5 

0*6 

16*3 

23  2 
26*7 
26*0 
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B — -{cone  Id.) 


1 

16  1 

17 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

i 

41 '6 
5*'5 
52‘7 

49 -9 

1 

i6'9  I 
236 

25*6  1 

js'3 

O’ 05 

O’  04 
0*03 

O’ 03 

0’3i 

0*24 

0’2 

0’2 

6- 9 
7*4 
8’3 

7- 9 

90 ’0 
83-0 
75'0 
880 

4-3 

3- 6 

4- 2 

3-5 

71 

6-6 

9'5 

7'4 

0’3 

0-8 

6’4 

5'7 

0-36 
O’ 89 
0*54 
0*42 

0-38 
O’ 35 
0’47 
0*26 

O’ 05 

O’  19 
0-15 
0*20 

21  *9 
40*6 
15-0 
14-2 

8- 4 
21  -8 

1 1  -4 

9- 8 

0’6 

1  ’  2 

I  0 

I  ’O 

0 • 0002 
0 • oOO 1 

0 ’ oOO 1 
O’ 0004 

O  ’ 028 

[0-034 

0  •  020 
0-0x6 

3-^9 

59*1 

49 ‘4 

36'  * 

42-4 

34*3 

I9'7 

320 

140 

O’ 03 
O’ 03 
O’Ol 

0*04 

O’Ol 

0  ■  6 

o’3 

o’6 

0-4 

0’3 

7-9 

7- 9 

8- 1 
7'5 
7-7 

76-5 

73-4 

87-7 

764 

873 

4-2 

4-3 

1-8 

3« 

I  -6 

9'9' 

10- 8i) 

6- 54 

11- 89 

7- 27 

2- 65 
084 
4-38 

I  -36 

3- 36 

O’Ol 

0*02 

O’Ol 

O  ’ 02 
O’ 08 

1  06 
0’  26 

1  06 
0*48 
1-24 

015 

O’  16 

O  ’ 09 
0-  xo 

O’  1  I 

239 

■  9-4 
8-7 
'3-3 
7-9 

TO 

8-0 

30 

8-2 

4-8 

I  •() 
O’fi 

0’4 

I  ’O 

I  •  0 

0 ’ 0000 
0*0049 
0*0074 

0 • 0000 
O’ 0037 

0  •  C03 
O’C  28 
O’t  10 

O’C  1  7 
O’C  i6 

27*2 

6-4 

2’2 

I  t 
0-6 
1-58 

<5.3 

6-1 

63 

6-7 

5- 7 

6- 3 

^2  •  2 
48 -3 
42  -  2 
45  •  5 
49  3 
48-0 

17-0 

21  ’2 

194 
20 ’2 
178 
i7‘8 

2’4 

6-2 

98 

I4’(> 

138 

134 

42-3 
23 ’7 
17*3 
*5'4 
I3'3 

i8’6 

34-2 
10-7 
3-3 
3-9 
3-9 
5-  < 

0’6 
O’  7 

O’ 6 

0-5 

0-3 

0-6 

•  • 

8-2 

1  -2 

0*4 

6'2 

3-8 

6-4 

692 

76-9 
78- 1 

5-2 

55 

8-8 
9- 1 

8-5 

032 
0’05 
O’  70 

0-69 

1  00 

I  ’23 

•  ’ 

88-3 
66-7 
5“ '9 
48-6 

61 ' 2 

4U-I 

34'5 

32-9 

>•308 

0069 

0037 

0-030 

6-4 
i  5 

0-7 

0-6 

5-8 

.5-3 

5* 

40 

3«'7 
85 -5 
74-2 
77-3 

5" 

6  07 

6  •23 

4-47 

a  1  •  45 

2 ’54 
14-09 
*3-15 

0-73 
O’  76 
o’3i 
042 

0*02 

0*04 

0’02 

0*02 

O  ’  74 
0-73 
067 

0  ’  52 

007 

o’o7 

006 

0’09 

28 ’0 
26-3 
29  4 
33  8 

4-6 

26 

3*0 

2  ■  8 

0-4 
O’  2 
0’4 

O’  2 

O’ 005 
0014  ' 
0  •  008 
001 1 

0037 

0-031 

0*065 

O’  170 

•• 

i6’0 

58 

I  i’7 
8’0 
4*0 

64 

60 
6'5 
6-3 

61 

510 
45  •  0 
43 -7 
42’7 
43-8 

i6-6 

i3‘9 
20  ’  4 

194 

20-0 

19*2 

14*6 

i6’9 

13'9 

I2’0 

46-2 
25 '7 
40 ’2 
33  *3 
26  0 

37*8 

12*3 

26-6 

190 

13*0 

I  0 
0’7 
0’7 
0-7 
0-6 

;; 

5*8 

5-4 

3-9 

54 -4 
53-  I 
5«  -4 
51-4 
50 ’4 

15-7 

I  ^’6 

i6’3 

160 

i6’8 

21  ’6 

24- 6 
32 ’8 

25 - 6 

26- 0 

34  a 
27*2 

2 1  •  4 
21  ’8 
20*0 

268 
■  1-  5 

13-3 

■43 

15-8 

0*6 

0’3 

I’B 

2’5 

2-7 

76-7 

69  0 
53  0 
61  8 
63  6 

•tG-5 

52-4 

3»'3 

34-5 

34<> 

O’ 307 
o  -  150 

0  •  034 

O’  lOI 

0  •  049 

4'9 

3-8 

0’9 

I  0 

0’7 

3-3 

5-2 

S' 

3-4 

61 

69 '4 
72-2 
74-() 
74-6 

figf) 

4- 95 

4 '95 
5' 27 
6’7I 

5-  89 

7*89 

1 0  ’  05 
io'6i 

689 

X  4  ’  0 1 

O’ 62 

O’  I  I 
0’3i 

0*34 

0-65 

0  •  22 
0’22 
0*20 

0  ’  30 
<>•56 

0  •  53 
0’47 

0-83 

O’ 09 

I  •  05 

o  - 16 

O’  1 3 

0-09 

O’  1 5 

0’  18 

26-4 

'5-7 

1 3  • « 
17-7 
25-4 

i6-  2 

5*4 
:v8 
6-2 
20 ’4 

0-8 

0-4 
0’6 
0-8 
i  -o 

0*003 

O  ’ 002 

0-002 

0  •  003 

0  •  003 

O’Oi  5 

0*0^  X 

O’ 01 5 
0-025 

O’ 03 1 

•  • 

“ 

6’7 

,6’3 

6-2 

6-5 

51  2 
51-6 
50*2 
50’0 

15' 8 

I7'3 

160 

I7’6 

23.7 

26-4 

22-4 

20’  I 

48 -33 
28-0 
29*80 
27*90 

37'6 
20 '3 
20*8 
23‘9 

1*9 

1*3 

0-9 

0’9 
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CONCORDANCE  TABLE 

Rflaltng  the  Forest  Types  recognized  in  the  Revised  Survey  with  those  of  the  Preliminary  Survey. 


REVISED  SURVEY 

PRELIMINARY  SURVEY 

Type  No. 

Forest  Type 

Type  No. 

Forest  Tagae 

1 

2 

3 

4 

MOIST  TROPICAL  FORESTS 

MOIST  TROPICAL  FORESTS 

GROUP  I— TROPIGAL  WET 

EVERGREEN  FORESTS 

~ 

TROPICAL  WET  EVER¬ 
GREEN  FORESTS 

Subgroup  lA — -Southern  tropical 
wet  evergreen  forests 

Group  xa — Southern  tropical 
wet  evergreen  forests 

lA/Gi 

(Giant  evergreen  forest) 

la/Ci 

Evergreen  Dipterocarp  forest 

iAjC2 

lAjC'i 

Andamans  tropical  evergreen  forest 

Southern  hilltop  tropical  evergreen 
forest 

ia/C2 

la/Cs 

Eastern  tropical  evergreen 
forest 

Low  tropical  evergreen  forest 

■  A/C4 

West  Coast  tropical  evergreen  forest 

Subgroup  iB — Northern  tropical 
wet  evergreen  forests 

ia/C4 

Western  tropical  evergreen 
forest 

Group  ib — Northern  tropi¬ 
cal  wet  evergreen  forests 

iB/Ci 

Assam  Valley  tropical  wet  evergreen 
forest  (Dipterocarpiis) 

ib/C2 

Upper  Assam  tropical  ever¬ 
green  forest 

iB/Ca 

Upper  Assam  Valley  tropical  c\er- 
green  forest 

iB/Caa 

Kayea  forest 

iB/G2b 

Mesua  forest 

1B/G3 

Cachar  tropical  ex'ergreen  forest 

ib/C3 

Cachar  tropical  evergreen  forest 

I /El 

Cane  brakes 

M.Tr/E8 

Cane  brake 

1/E2 

\A'ct  bamboo  brakes 

M.Tr/Eg 

Southern  wet  bamboo  brake 

1 

1/2S1 

Pioneer  Euphorbiaceous  scrub 

GROUP  2 — TROPICAb  SEMI¬ 
EVERGREEN  FORESTS 

1  TROPICAL  SEMI-EVER¬ 
GREEN  FORESTS 

Subgroup  2A  -Southern  tropical 
semi-evergreen  forests 

Group  2a  —Southern  tropical 
semi-evergreen  forests 

2A/G1 

Andamans  semi-evergreen  forest 

M.Tr/iS/8(a) 

Southern  riverain  senu-ever- 
green  forest 
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3A/G1 

3A/2S1 


I 

2 

3 

Subgroup  2A— Southern  tropical 
semi-evergreen  forests — conid- 

< 

fl 

2A/C2 

West  Coast  semi-evergreen  forest 

2a/C2 

2A/C3 

Tirunelvcli  semi-evergreen  forest 

2A/2SI 

West  Coast  secondary  evergreen  Dip- 
tcrocarp  forest 

M.Tr/2S/i 

Subgroup  2B  — Northern  tropical 
semi-evergreen  forests 

2B/CI 

Assam  Valley  semi-evergreen  forests 

2b/Ci  I 

2B/Cia 

.Vssam  alluvial  plains  semi-ever¬ 
green  forest 

V 

2B/Cib 

Eastern  submontane  semi-ever¬ 
green  forest 

J 

2B/C1/1S1 

Sub-Himalayan  light  alluvial  semi- 
evergreen  forest 

2b/C4 

2B/G1/2S1 

(Pioneer  Euphorbiaccous  scrub) 

2B/C1/2S2 

Eastern  alluvial  secondary  semi-ever¬ 
green  forest 

M.Tr/2S/2b 

2B/G1/2S3 

Sub-Himalayan  wet  mixed  forests 

M.Tr/2S/4 

2B/C2 

Cachar  semi-evergreen  forest 

2b/C2 

2B/G3 

Orissa  semi-evergreen  forest 

2b/G5 

2/Ei 

(Cane  brakes) 

M.Tr/E8 

2/E2 

(VN'ct  bamboo  brakes) 

M.Tr./E9 

2/E3 

Moist  bamboo  brakes 

M.Tr/Eio(a) 

2/E4 

Latcritic  semi-evergreen  forest 

M.Tr/E2 

2/2SI 

Secondary  moist  bamboo  brakes 

1 

1  M.Tr/Eio(b)  \ 

'  M.Tr/2S/8  / 

West  Coast  semi-evergreen 
forest 


Secondary  evergreen  Diptero- 
carp  forest 


semi-evergreen  forests 


Upper  Assam  semi-evergreen 
forest 


Sub-Himalayan  semi-evergreen 
forest 


Northern  secondary  semi-e\  cr- 
green  I'c  rest 

East  lub-Hiinalayan  wet  mixed 
forest 

Gachar  semi-evergreen  forest 
Orissa  semi-evergreen  forest 
Gane  brake 

Southern  wet  bamboo  brake 

Southern  moist  bamboo  brake 

Western  laterite  (Xylia)  semi- 
evergreen  forest 

Northern  moist  bamboo  brake 
Secondary  bamboo  brake 


GROUP  3— tropical  MOIST 
DECIDUOUS  FORESTS 

Subgroup  3A — Andamans  moist 
deciduous  forest 

j  Andamans  moist  deciduous  forest 

Aijdamans  secondary  moist  deciduous 
forest 


M.Tr/E3 


TROPICAL  MOIST  DECI¬ 
DUOUS  FORESTS 


Andamans  moist  deciduous 
forest 
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3B/C1 

3B/Cia 

SB/Cib 

3B/C1C 

3B/C2 


3B/2S1 


3CiC. 

3C/Cia 

3C/Cib 

3C/G1C 

aC/Gid 

3C/G2 

3G/G2a 

3G/G2b 

3G/C2C 

3G/G2d 

3G/G2e 

3G/G2/DS1 

3G/G3 


3G/G3a 


3G/G36 


3G/G3/2S1 


3G/G3/2.S2 

3/E« 

3/1S1 


3/.S2 


Subgroup  3B — South  Indian  moist 
deciduous  forests 

Moist  teak-bearing  forests 
Very  moist  teak  forest 
Moist  teak  forest 
Slightly  moist  teak  forest 

Southern  moist  mixed  deciduous  fo¬ 
rest 

Southern  secondary  moist  mixed  de¬ 
ciduous  forest 


Subgroup  3C — North  Indian  moist 
deciduous  forests 

Very  moist  sal-bearing  forests 
Very  moist  hill  sal 
Very  moist  bhabar  sal 

Very  moist  /ara:  sal 

Very  moist  peninsular  (coastal)  sal 

Moist  sa'  bearing  forests 
Moist  sivvalik  sal 
Moist  bhabar  sal 
Moist  tarai  sal 
Moist  plains  sal 
Moist  peninsular  sal 

Moist  sal  savannali 

Moist  mixed  deciduous  forests  (with¬ 
out  salj 

West  Gangctic  moist  dccidcus  forest 

East  Himalayan  moist  deciduous  fo¬ 
rest 

Northci  ii  secondary  moist  mixed 
deciduous  forest 

Eupliorbiaceous  scrub 

Tertninalia  loinentosa  forest 

Low  alluvial  savannah  woodland 
[Salmalia-Albizzia) 

I  Eastern  bollock  forests  (Terminalia 
I  myriocarpa) 


3a/Gi 


M.Tr/2S/6(a} 


3b/G2 

M/Tr/2.S/5(a) 

M.Ti72S/5(b) 

3b/Ci 


M.Ti727/7(a) 

M.Tr/E4 

M.Tr/E6 

M.Tr./2S/fi(b) 


M.Tr/Es 

M.Tr/2S/7(b) 

M/Tr/iS/7(b) 


Group  3a — Southern  tropi* 
cal  moist  deciduous  forests 


South  Indian  nu)ist  deciduous 
forest 


Southern  secondary  moist  de¬ 
ciduous  forest 


Group  3b— Northern  tropical 
moist  deciduous  forests 


Wet  hill  sal 

Wet  plains  sal 
Ctastal  sal 

Moist  sal 

Upper  alluvial  savannah 


N.  Indian  climax  moist  de¬ 
ciduous  forest 


E.  Himalayan  moist  deciduous 
forest 

Northern  secondary  moist  de¬ 
ciduous  forest 


1 


N.  Indian  Terminalia 


Lower  alluvial  savannah 
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I 

2 

3 

4 

Subgroup  3C — North  Indian  moist 
deciduous  forests — contd* 

Group  3b  Northern  tropical 
moist  deciduous  forests — 

contd. 

S/iSaa 

Terminalia-Laserslroemia 

M.Tr/iS/7(c)  j 

1 

U.  Assam  moist  deciduous  ri¬ 
verain  forest 

3/iS2b 

Tenninalia-Duabanga 

M.Tr/iS/8(b) 

Northern  riverain  semi-ever¬ 
green  {Terminalia-Phoebe)  forest 

3/2S1 

(Dry  bamboo  brakes) 

i 

D.Tr/Ei2 

Dry  bamboo  brakes 

GROUP  4— LITTORAL  AND  1 
SWAMP  FORESTS  t 

MOIST  TROPICAL  SERIAL 
TYPES  (PART) 

Subgroup  4A — Littoral  forests 

4A/L1 

Littoral  forest 

M.Tr/iS/i 

Beach  forest 

Subgroup  4B — Tidal  swamp  forests 

M.Tr/iS/2 

Tidal  forest 

4B/TS1 

Mangrove  scrub 

M.Tr/iS/2(a) 

Low  mangrove  forest 

4B/TS2 

Mangrove  forest 

M.Tr/iS/2(b) 

Tree  mangrove  foiest 

4B/TS3 

Saltwater  mixed  forest  {Heriliera) 

M.Tr/iS/2(c) 

Saltwater  Heriliera  forest 

4B/T.S4 

4B/T.S4/E1 

Brakish  water  mixed  forest  {Heriliera) 
Palm  swamp 

M.Tr/iS/2(d)  y 

Freshwater  Heriliera  forest 

Subgroup  4C — Tropical  fresh¬ 

water  swamp  forests 

M.Tr/iS/4 

4C/FS1 

4C/FS2 

Myristi  a  swamp  forest 

Submontane  hill-valley  swamp  forest 

► 

Tropical  valley  freshwater 
swamp  forest 

4G'FS3 

Creeper  swamp  forest 

Subgroup  4D — Tropical  seasonal 
swamp  forests 

M.Tr/iS/4 

Tropical  valley  freshwater 
swamp  forest  (for  part  only; 

4D/SS1 

Eastern  seasonal  swamp  forest 

.. 

4D/SS2 

4D/SS4 

Baningl.jiia  swamp  forest 
.'^yzygium  cuniini  swamp  low  forest 
Eastern  seasonal  swamp  low  forest 
(Caphalanthus) 

M.Tr/.S/4  1 

r 

J 

Tropical  valley  freshwater 

swamp  forest 

4D/SS5 

Eastern  Di! tenia  swamp  forest 

4D/2SI 

(Eastern  wet  alluvial  grassland) 

4E/RS I 

Subgroup  4E— Tropical  riparian 
fringing  forests 

'  Riparian  fringing  forest 

j  M.Tr/iS/5  1 

1  M.Tr/iS/5  J 

Moist  riparian  fringing  forest 
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I  1 

1 

3 

4 

DRY  TROPICAL  FORESTS 

DRY  TROPICAL  FORESTS 

GROUP  5— TROPICAL  DRY  DE- 

TROPICAL  DRY  DEGIDU- 

GIDUOUS  FORESTS 

OUS  FORESTS 

Subgroup  5A — Southern  tropical 

Group  4a — Southern  tropi- 

dry  deciduous  forests 

cal  dry  deciduous  forests 

isA/Ci 

Dry  teak  bearing  forests 

4a/Gi  1 

Dry  teak  forests 

^jA/Cia 

Very  dry  teak  forest 

5  A/C  I  b 

Dry  teak  forest 

J 

5A/C2 

Dry  red  sanders  bearing  forest 

4a/  C4 

Red  sanders  forest 

5A/G3 

Southern  mixed  deciduous  forest 

^a.lC2 

South  Indian  dry  mixed  de- 

ciduous  forest 

Subgroup  5B — Northern  tropical 

Group  4b — Northern  tropi* 

dry  deciduous  forests 

cal  dry  deciduous  forests 

5B/C1 

Dry  sal-lx-aring  forests 

4b/C2  1 

5B/Cia 

Dry  siwalik  sal  forest 

1 

Dry  sal  forests 

^B/Cib 

Dry  plains  sal  forest 

f 

5B/C1C 

Dry  peninsular  sal  forest 

J 

5B/G2 

Northern  mixed  deciduous  forest 

4b/Ci 

Northern  dry  mixed  deciduous 
forests 

5/DSi 

Diy  deciduous  scrub  forest 

D.Tr/2S2 

Dry  deciduous  scrub 

5/DS2 

Dry  sa\'annah  forest 

D.Tr/2S/3 

Dry  sa\  annah 

5/DS3 

Euphorbia  scrub 

5a/G3 

Southern  Euphorbia  semi-desert 
scrub 

5Wtl3 

Northern  Euphorbia  scrub 

5/DS4 

Dr>'  grassland 

D.Tr/2S/3 

Dry  savaimah 

5/Ki 

Anogeissus  petidula  1 0  res  t 

D/Ir/E6 

Anogeissus  pendula  forest 

5/Ei/DSi 

Anogeissus pendula  scrub 

5/E2 

Boswellia  forest 

D.Tr/E4 

Boswellia  forest 

5/E3 

Babul  forest 

D.Tr/E8 

Babul  forest 

5/E4 

Hardwickia  forest 

D.Tr/E3 

Hardwickia  forest 

5/E5 

Bulea  forest 

D.Tr/E5 

Bulea  forest 

5/E6 

Aegk  forest 

D.Tr/E? 

Aegle  forest 

5/E7 

Laterite  thorn  forest 

D.Tr/Eg 

Laterite  thorn  forest 

5/E8 

fi/E8a 

Sahne/alkaline  scrub  savannah 

Low  level  Photnix 

D.Tr/Eii  1 

Gangctic  saline  scrub 

5/E8b 

{Salvadora  scrub) 

I 

J 

5/E8C 

Babul  scrub 

- - - - - - - ■ 
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I  1 

1 

^  1 

1 

3 

4 

5 /Eg 

5/iSi  ! 

1 

5/1S2  1 

5/>^’3 

3/2S1  , 

- - - -  1 

Dry  bamboo  brakes 

Dry  tropical  riverain  forest  1 

Khair-sissu  forest 

Inundation  AaAid  forest 

Secondaiy  dry  deciduous  forest 

D.Tr/Ei2 

D.Tr/iS/i 

M.Tr/iS/6\ 

D.Tr/iS/2/ 

D.Tr/iS/4 

D.Tr/2S/i 

Dry  bamboo  brake 

Southern  dry  tropical  riverain 
forest 

K hair-sis soo  forest 

Inundation  babul  forest 

Secondary  dry  deciduous 
forest 

GROUP  6— TROPICAL  THORM 

TROPICAL  THORN 

FORESTS 

FORESTS 

Subgroup  6A — Southern  tropical 

Group  5a — Southern  tropi- 

thoru  forests 

cal  thorn  forests 

6  A/C  I 

Southern  thorn  forest 

5a/Ci 

Southern  Cutch  thorn  forest 

6A/C2 

Carnatic  umbrella  thorn  forest 

5a/C2 

Carnatic  umbrella  thorn  forest 

6A/D5J 

Southern  thorn  scrub 

6A/DS2 

Euphorbia  scrub 

5a/C3 

Southern  Euphorbia  semi-de- 

sert  scrub 

Subgroup  6B— Northern  tropical 

Group  5b — Northern  tropi- 

thorn  forests 

cal  thorn  forests 

6B/G1 

Desert  thorn  forest 

5WC1 

Northern  desert  thorn  forest 

6B/C2 

Ravine  thorn  fi  r  -st 

5'>/C2 

Northern  Acacia  scrub 

6B/DS1 

Zizyphiis  scrub 

6B/DS2 

Euphorbia  scrub 

1 

5h/C3 

Northern  Euphorbia  scrub 

6/E  I 

{E’'phorbia  scrub) 

5a/C3  ■] 

Southern  Euphorbia  semi-desert 

1 

scrub 

5/bC3  J 

Northern  Euphorbia  scrub 

6/Eq 

Aca'ia  sfrtegal  forest 

5')/Ci 

Northern  desert  thorn  forest 

r,/E:5 

Rnnn  saline  ihorn  forest 

•6/F4 

SalvaJora  scrul) 

6/E|/DS! 

Casva  aiiriculala  scrub 

" 

6/ 1. Si 

Desert  dune  scrub 

1  D.Tr/F.io 

;  Inland  dune  scrub 
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4 

GROUP  7— TROPICAL  DRY 

EVERGREEN  FORESTS 

TROPICAL  DRY  EVER¬ 
GREEN  FORESTS 

7/C  I 

Tropical  dry  evergreen  forest 

6/C  I 

Tropical  dry  evergreen  forest 

7/DSi 

Tropical  dry  evergreen  scrub 

MONTANE  SUBTROPICAL 

FORESTS 

GROUP  8— SUBTROPICAL  BROAD¬ 
LEAVED  HILL  FORESTS 

I 

MONTANE  SUBTROPICAL 
FORESTS 

Subgroup  8A  Southern  subtropi¬ 
cal  broadleaved  hill  forests 

Group  7a — Southern  sub¬ 

tropical  wet  hill  forests 

8  A/C  I 

Nilgiri  subtropical  hill  forest 

7a/Ci 

Nilgiri  subtropical  evergreen 
forest 

8A/C1/E1 

Reed  brakes  {Ochlandra) 

8A/C1/DS1 

South  Indian  tropical  hill  savannah 
(woodland) 

S.Tr/2S/i 

Nilgiri  subtropical  hill  savan¬ 
nah 

8A/C2 

Western  subtropical  hill  fo'est 

Bombay  subtropical  evergreen 
forest 

8A/C3 

Central  Indian  subtropical  hill  forest 

7a/C4 

Central  Indian  subtropica  1 
evergreen  forest 

Subgroup  8B — Northern  subtropi¬ 
cal  broadleaved  wet  hill  forests 

Group  7b — Northern  sub¬ 

tropical  wet  hill  forests 

8B/C1 

East  Himalayan  subtropical  wet  hill 
forest 

7b/Ci 

Bengal  subtropical  hill  forest 

8B,'C2 

Khasi  subtropical  wet  hill  forest 

7b/C2 

.\ssam  subtropical  hill  forest 

8B/2S1 

(Assarn  subtropical  pine  forest) 

8/C2 

Assam-Burma  pine  forests 

8B/DS1 

Assam  subtropical  hill  savannah  wood¬ 
land 

GROUP  9— SUBTROPICAL  PINE 
FORESTS 

GROUP  8— SUBTROPICAL 
PINE  FORESTS 

9/C  I 

9/C  I  a 

9/Cib 

Himalayan  subtropical  pine  forests 

Siwalik  chir  pine  forest 

Himalayan  chir  pine  forest 

8/Ci 

Himalayan  subtropical  pine 
forest 

(Also  s:e  4b/C2,  Dry  sal  forests, 
corresponding  to  5B/C:a  in 
the  revised  classification) 

9/Ci/DSi 

(t/Ci/DSia 

9/Ci/DSib 

9/C1/D.S1C 

9/C  I /DS2 

Himalayan  subtropical  scrub 

Carissa  scrub 

Dodonea  scrub 
lih'tt  parvijiora  scrub 

Subtropical  Luphorbia  scrub 

J 

I 
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1 

2 

3 

4 

9/C2 

Assam  subtropical  pine  forest 

8/C2 

Assam-Burma  pine  forests 

g/Ca/DSi 

Assam  subtropical  pine  savannah 

GROUP  10— SUBTROPICAL  DRY 
EVEROREllX  FORESTS 

GROUP  9—SUBTROPICAL 
DRY  EVERGREEN 
FORESTS 

lo/Ci 

lo/Cia 

lo/Cib 

Subtropical  dry  evergreen  forests 
(Ilea  cuspidata  scrub  forest 
,-lcacia  modesta  scrub  forest 

g/C.  1 

Olive  forests 

lo/Ci/DSi 

Dodonaea  scrub 

•  • 

MONTANE  TEMPERATE 
FORESTS 

GROUP  11— MONTANE  WET 

TEMPERATE  FORESTS 

MONTANE  TEMPERATE 
FORESTS 

Subgroup  iiA — Southern  montane 
wet  temperate  forests 

Group  I oa— Southern  wet 

temperate  forests 

ii.\/Ci 

iiA/Ci/DSi 

Southern  montane  wet  temperate 
forest 

Southern  montane  wet  scrub 

loa/Ci 

Southern  wet  temperate  forest 

iiA/Ci/DSa 

Southern  montane  wet  grassland 

Subgroup  iiB — Northern  montane 
wet  temperate  forests 

Group  loB — Northern  wet 

temperate  forests 

1  iR/Ci 

East  Himalaya  wet  temperate  forests 

I  ob/C  I 

East  Himalayan  wet  ti  mperate 
forest 

I  iB/Cia 

Lauraceous  fo  ’c st 

lob/Ci  (a) 

Laurel  {Machilus-Michelia)  fo¬ 
rest 

iiB/Cib 

Buk  oak  forest  {Ojicrais lamellosa) 

lob'Ci(b) 

Buk  oak  {Quercus  lamellosa) 
forest 

I  iB/Cic 

High-level  oak  fo'^est 

I  ob/C  I  (c) 

High  level  oak  (d.  parhyphylln) 

nB/Ca 

Naga  Hills  wet  temperate  forest 

iob/C2 

Assam-Burma  wet  temperate 
forest 

GROUP  12— HIMALAY.'.N  MOISl 
TEMPERATE  FORF.STS 

GROUP  1 1— HIMALAYAN 
MOIST  TEMPERATE 
FORESTS 

la/Ci 

Lower  West  Himalayan  lempe:ate 
fori  sis 

ii/Gi 

Losver  oak-coniferous  {Qj'd'iu^ 
incana-Cednis)  forests 

12/C  I  a 

oak  forest  {QjierctL^  incana) 

1  ii/Cia 

j  Dan  oak  forest  (Q,.  incana) 

I2/Cll) 

A/orK  oak  forest  (Qti-Tcusdilalala) 

ii/C2(a) 

Mom  oak  forest  (Q .  dilatata) 

I  2/(,'.IC 

'  Moist  deo.'l  v  forest  (G- /'•>«; 

ii/Ci(l)) 

Deodar  forest  {Cedrus) 

372 


Ftrest  Types  »f  India 

APPENDIX  C  (i)— con/rf. 


T2/Cld 

12/CIf 

12/CIr 

1 2/C  I /DS I 
12/C1/DS2 

12/C2 

I2/C2a 

I2/C2b 

12/C2C 

I2/C3 

I2/C3a 

I2/C3b 

12/DS1 

12/DS2 

12/DS3 

12/E  I 
12/1S1 
12/1S2 
12/2S1 


'3/Ci 

13/C2 

I3/C2a 

13/02!) 

i3/f-3 


2 

I 

3 

Western  mixed  coniferous  forest 

ll/C2(b) 

Moist  temperate  deciduous  forest 

Tp/E2(a) 

Low  level  blue  pine  forest  (P.  ivalli- 

Tp/iS/3 

chiana) 

Oak  scrub 

TP/2S/1 

Himalayan  temperate  secondary 

TP/2S/2 

scrub 

Upper  broadleaved  and  coniferous 

■ 

forests 

Kharsu  odik  forest  ((}_.  semecarpifolia) 

ii/Csfa) 

West  Himalayan  upper  oak/fir  forest 

ii/C3(b) 

4 


Western  mixed  coniferous 
forest 

Temperate  moist  deciduous 
forest 

Lower  blue  pine  forest 
Oak  scrub 

Secondary  temperate  scrub 


Kharsu  oak  forest  (() .  snntcarpi- 
folia). 

\Vestern  oak-fir  (Abies)  forest 


(Moist  temperate  deciduous  forest) 

Tp/E2(a) 

East  Himalayan  moist  temperate  fo¬ 
rests 

East  Himalayan  mixed  coniferous  fo¬ 
rest 

ii/Ci(c) 

ii/C3(c) 

Abies  delavayi  forest 

Montane  bamboo  brakes 

TP/2S/4 

Himalayan  temperate  parkland 

TP/2S/3 

Himalayan  temperate  pastures 

C>’press  forest 

Tp/Ei 

Alder  forest 

Tp/iS/i 

Riverain  blue  pine  forest 

Tp/iS/3 

Low-level  blue  pine  forest 

Tp/iS/3 

GROUP  13— HIMALAYAN  DRY 
TEMPERATE  FORESTS 

Dry  broadleaved  and  coniferous  fo¬ 
rest  (QuercusilexIP.  gerardiana) 

Dry  temperate  coniferous  forest 

Neoza  pine  forest  iP.  gerardiana) 

12/C1 

Dry  deodar  forest  (C.  deodara) 

12/C2 

(West  Himalayan  dry  temperate 
deciduous  forest) 

Tp/E2(b) 

Temperate  moist  deciduous  fo¬ 
rest 


.  Eastern  oak-hemlock  (Tsuga) 
forest 

Eastern  oak-fir  (Abies)  forest 

Temperate  bamboo  brake 
Tliach  parkland 


Cypress  forest 

Alder  woods 

Lower  blue  pine  forest 

Lower  blue  pine  forest 

GROUP  12— HIMALAYAN 
DRY  TEMPERATE 
FORESTS 

1  Dry  temperate  mixed  evet- 
(  green  forest 

t 

J 

Dry  tempo  ate  roniferous  fo¬ 
rest 

I  Temperat.  dry  deciduous 
forest 
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1 

2 

3 

4 

I3/C3/DSI 

PoAu  scrub 

- 

I3/G3/DS2 

Dry  temperate  scrub 

•  • 

J3/G4 

West  Himalayan  high-level  dry  blue 

•  • 

pine  forest  (P.  wMichiana) 

West  Himalayan  dry  juniper  forest 

13/C5 

(J.  macropoda) 

13/C6 

East  Himalayan  dry  temperate  coni- 

13/G1 

Alpine  lir/blrch  forest 

ferous  forest 

isIceiEi 

Larch  forest  {Larix  griffithiana) 

13/1S/2 

Larch  forest 

*3/G7 

East  Himalayan  dry  Juniper  /  birch 

13/G1 

Alpine  fir/birch  forest 

forest  (J.  wallichiana) 

13I1S1 

Hippophae-Myricaria  scrub 

Tp/iS/2 

Temperate  Hippophae  scrub 

13/182 

PopulusISalix  forest 

.  . 

13/1S3 

(Western  high-level  dry  blue  pine) 

13/1S/1 

High  level  blue  pine  forest 

SUBALPINE  FORESTS 

ALPINE  FORESTS 

GROUP  14— SUB- ALPINE 

GROUP  13— ALPINE 

FORESTS 

FORESTS 

14/C1 

West  Himalayan  subalpine  birch/fir 
forests  {Betulaj Abies) 

13/G1 

14/Cia 

Fir  forest 

Alpine  fir-birch  forest 

14/Gib 

Birch/fir  forest 

14/G2 

East  Himalayan  subalpine  birch/fir 
forest 

14/1S1 

{Hippophaej  Myricaria  scrub) 

Tp/iS/2 

Temperate  Hippophae  scrub 

14/1S2 

(Deciduous  subalpine  scrub) 

«5 

Dry  alpine  scrub 

14/2S1 

Subalpine  blue  pine  forest  (P.  walli- 
chiana) 

13/1S/1 

High  level  blue  pine  forest 

14/DS1 

Subalpine  pastures 

14 

Moist  alpine  scrub 

ALPINE  SCRUB 

GROUP  15— MOIST  ALPINE 

SGRUB 

GROUP  14— MOIST 
ALPINE  SGRUB 

15/G1 

Birchl Rhododendron  scrub  forest 

13/G2 

BiicYi-Rhododendron  forest 

15/G2 

Deciduous  alpine  scrub 

14  1 

15/G2/E1 

Dwarf  Rhododendron  scrub 

«5/G3 

Alpine  pastures 

> 

Moist  alpine  scrub 

J 

GROUP  16— DRY  ALPINE  SGRUB 

GROUP  15— DRY  ALPINE 

16/G1 

Dry  alpine  scrub 

•5 

SGRUB 

Dry  alpine  scrub 

i6/Ei 

Dwarf  juniper  scrub 

14 

Moist  alpine  scrub 

Zb— 7  f  RI&G/64  - - - - - - - 
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appendix  D  (i) 

NAME  CHANGES 


List  of  species  according  to  old  {obsolete)  names. 


Obsolete  name 


Current  name 


Abies  webbiana  Lindl. 

Acronychia  laurifolia  Bl. 

Aerva  lomentosa  Forsk. 

Agrostis  maxima  Roxb. 

Alangium  begoniifolium  Baill. 

Alangium  lamarckii  Thw. 

Albizzia  stipulala  Boiv. 

Alpinia  nutans  Roscoe 
Alseodaphne  owdenii  Parker. 

Alsodeia  bengalensis  Wall. 

Amoora  rohituka  W.  &  A. 

Andromeda  ovalifolia  Wall. 

Andropogon  aciculatus  Retz. 

Andropogon  annulalus  Forsk. 

Andropogon  assimilis  Steud. 

Andropogon  coloralus  Nces. 

Andropogon  contortus  Linn. 

Andropogon  foveolatus  Del. 

Andropogon  gryllus  Linn. 

Andropogon  halepensis  Brot. 

Andropogon  jwarancusa  Jones. 

Andropogon  micranlkus  Kunth. 

Andropogon  monticola  Schult 
Andropogon  muricatus  Retz. 

Andropogon  nardus  Linn. 

Andropogon  pertusus  (Linn.)  Willd, 
Andropogon  polyneuros  Steud. 

Aneilema  nudijlorum  R.  Br. 

Anthistiria  analhera  Nees.  ex  Steud. 
Anthisliria  arundinacea  Roxb. 

Anthistiria  ciliata  L.f. 

Anthistiria  gigantea  Cav. 

Anthistiria  imberbis  Retz. 

Anthocephalus  indica  R.  Rich. 

ApluJa  varia  Hack,  subsp.  mulica  Hack. 
Ardisia  hiimilis  A.DC. 

Aristida  adscensionis  Hook  ,  f.  non  Linn. 
Arthraxon  aliaris  Hk.  f. 

Artocarpus  integrifolius  non  L.  f. 
Arundinaria  aristata  Gamble 


Abies  spectabilis  (D.Don)  Spach. 

Acronychia  pedunculata  (Linn.)  Miq. 

Aerva  javanica  (Burm.  f.)  Spreng. 

Thysanolaena  maxima  (Roxb.)  Oktze. 

Alangium  chinense  (Lour.)  Rehder. 

Alangium  salvifolivm  (Linn,  f.)  Wang. 

Albizzia  chinensis  (Osbeck)  Merr. 

Alpinia  speciosa  (Wendl.)  Schum. 

Persea  owdenii  (Parker)  Kostermans 
Rinorea  bengalensis  (Wall.)  Okze. 

Aphanamixis polystachya  (Wall.)  Parker 
Lyonia  ovalifolia  (Wall).  Drude. 

Chrysopogon  aciculatus  (Retz.)  Trin. 

Dichanthium  annulatum  (Forsk.)  Stapf. 
Capillipedium  assimile  (Steud.)  A.  Camus. 
Cymbopogon  coloratus  (Nees)  Stapf. 

Heteropogon  contortus  (Linn.)  Beauv.  ex.  R.  &  S. 
Eremopogon  foveolatus  (Del.)  Stapf. 

Chrysopogon  gryllus  (Linn.)“Trin. 

Sorghum  halepense  (Linn.)  Pers. 

Cymbopogon  jwarancusa  (Jones)  Schult. 
Capillipedium  parviflorum  (R.  Br.)  Stapf. 
Chrysopogon  fulvus  (Spreng.)  Chlov. 

Vetiveria  zizanioides  (Linn.)  Nash. 

Cymbopogon  nardus  (Linn.)  Rendle. 

Bothriochloa  pertusa  (Linn.)  A.  Camus 
Cymbopogon  polyneuros  (Steud.)  Stapf. 

Murdannia  nudiflorum  (Linn.)  Brenan 
Themeda  anathera  (Nees.  ex  Steud)  Hack. 
Themeda  arundinacea  (Roxb.)  Ridley 
Themeda  quadrivalvis  (Linn.)  O.  Ktze, 

Themeda  arundinacea  (Roxb.)  Ridley 
Themeda  triandra  Forsk. 

Anthocephalus  cadamba  Miq. 

Apluda  mutica  Linn. 

Ardisia  solanacea  (Poir.)  Roxb. 

Aristida  depressa  Retz. 

Arthraxon  quartinianus  (A.  Rich.)  Nash 
Artocarpus  heterophyllus  Lamk. 

Thamnocalamus  aristatus  E.G.  Camus 


378 


Forest  Types  of  India 

APPENDIX  D  {i)—contd. 


Obsolete  name 


Current  name 


Armdinaria  callosa  Munro 

Armdinaria  falconeri  (Hook,  f.)  Benth.  etc.  Hook  f. 
Armdinaria  griffithiana  Munro 
Arundinaria  spathijiora  Trin. 

Armdirulla  brasiliensis  Reddi 
Armdinella  capillaris  Hook.  f. 

Arundindla  wallichii'Nees  ex.  Steud. 

Axonopus  cimicinus  Beauv. 

Balanites  roxburghii  Planch. 

Balanocarpus  utilis  Bedd. 

Balsamodendron  caudatum  W.  &  A. 

Balsamodendron  mukul  Hook  ex  Stocks 
Barringtonia  speciosa  Forst 
Bassia  butyracea  Roxb. 

Bassia  elliptica  Dali. 

Bassia  lalifolia  Roxb. 

Berberis  nepalensis  Spreng.  in  part 
Bombax  insigne  Wall. 

Bombax  malabaricum  DC. 

Breweria  latifolia  Benth.  ex.  Cl. 

Bromus  patulus  Mert.  &  Koch. 

Bruguiera  gymnorhiza  Lanik 
Bucklandia  populnea  R.  Br.  ex.  Griff. 

Bursera  serrata  Wall.  ex.  Colebr. 

Butea  frondosa  Koenig  ex  Roxb. 

Caesalpinia  bonducella  (Linn.)  Fleming 
Calophyllurn  spectabile  Willd. 

Calophyllum  tornentosum  T.  Anders,  non  Wt. 
Capparis  aphylla  Roth 
Capparis  horrida  Linn. 

Carallia  integerrima  DC. 

Carapa  tnoluccensis  Lam. 

Carapa  obovatp  BI. 

Carissa  spinarum  auct.  non  Linn. 

Ceruhrus  catharlicus  Del. 

Ceriops  candolleana  Arn. 

Chloris  barbata  (Linn.  )  Sw. 

Chloris  incompleta  Roth. 

Chickrassia  tabularis  T 

Chukrasia  tabularis  A.  Juss.  J 
Chrysopogon  tnontanus  Trin.  ex  Spreng 
Clerodendron  infortunatum  auct.  non  Linn. 

Cocculus  villosus  DC. 

Cochlospermum  gossypium  DC. 

Coix  lachryma-jobi  var.  gigantea  Stapf.  ex.  Hk.  f. 
Corchorus  acutangulus  Lamk. 

Cordia  obliqua  Willd. 


Chimonobambusa  callosa  (Munro)  Nakai 
Thamnocalamus  falconeri  Hook.  f. 
Chimonobambusa  griffithiana  (Munro)  Nakai 
Thamnocalamus  sapthiflorus  (Trin.)  Munro 
Arundinella  intricala  Hughes 
Arundinella  setosa  Trin. 

Arundinella  bengalensis  (Spreng.)  Druce 
Alloleropsis  cimicina  (Linn.)  Stapf 
Balanites  aegyptiaca  (Linn.)  Delile 
Hopea  utilis  (Bedd.)  Bole 
Commiphora  caudata  (W.  &  A.)  Engl. 
Commiphora  mukul  (Hook  ex  Stocks)  Engl. 
Barringtonia  asiatica  (Linn.)  Kurz 
Diploknema  butyracea  (Roxb.)  H.J.  Lamb. 
Palaquium  ellipticum  (Dalz.)  Engler 
Madhuca  indica  Gmel. 

Mahonia  napaulensis  DC. 

Salmalia  insignis  (Wall.)  Schott.  &  Endl. 
Salmalia  malabarica  (DC.)  Schott.  &  Endl. 
Bonamia  latifolia  (Hochst.  ex  Steud)  Santapau 
Bromus  japonicus  Thumb. 

Bruguiera  conjugata  Linn. 

Symingtonia populnea  (R.  Br.)  Van  Steenis 
Protium  serratum  (Wall,  ex  Colebr.)  Engl. 
Butea  monosperma  (Lamk.)  Taub. 

Caesalpinia  bonduc  (Linn.)  Roxb. 

Calophyllum  soulattri  Burm.  f. 

Calophyllum  elatum  Bedd. 

Capparis  decidua  (Forsk.)  Pax. 

Capparis  zeylanica  Linn.  non.  Hk.  f.  &  Th. 
Carallia  brachiata  (Lour.)  Merr. 

Xylocarpus  moluccensis  (Lam.)  Roem. 

Xylocarpus  granatum  Koenig. 

Carissa  opaca  Stapf. 

Cenchrus  barbatus  Schum. 

C'tiops  tagal  (Perr.)  C.  V.  Robins. 

Chloris  inflata  Link. 

Chloris  dolichostachya  Lag. 

Chukrasia  velutina  Wt.  &  Arn. 

Chrysopogon  fulvus  (Spreng.)  Chiov. 
Clerodendrum  viscosum  Vent. 

Cocculus  hirsutus  {Linn.)  Diels. 

Cochlospermum  religiosum  (Linn.)  Alston 
Coix  gigantea  Koen.  ex.  Roxb. 

Corchorus  aestuans  Linn.  non.  Forsk. 

Cordia  dichotoma  Forst.  f. 
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Comus  capitata  Wall,  ex  Roxb. 

Cretaeva  religiose  \ 

Cralaeva  roxburghii  Br.  / 

CyclosUmon  lancifolius  Hook  f. 

Daedalacanthus  purpurascens  A.  Anders. 

Derris  uliginose  Benth. 

Dillenia  pulcherrime  Kurz. 

Diospyros  embryopteris  Pers. 

Dipterocarpus  griffithi  Miq. 

Dipterocorpus  incenus  Roxb. 

Dipterocarpus  turbinatus  var.  endemenice  King. 
Dolichandron:  crispa  Seem. 

Dolichandrone  rheedii  Seem. 

Duabange  sonneralioides  Ham. 

Echinocerpus  essamicus  Benth. 

Echinocarpus  desycarpe  Benth. 

Eleusine  aegyptiece  Desf. 

Eleusitie  arisleta  Ehrcnb. 

Eleusine  flagellifere  Nees. 

Embelie  robuste  C.  B.  Cl.  non  Roxb. 
Endospermum  malacense 
Entede  scandens  Benth. 

Eregrostis  cynosuroides  Beauv. 

Erienthus  elepheulinus  Hook.  f. 

Erythrina  indice  Lamk. 

Eugenia  ceryophylleea  Wt. 

Eugenia  opcrculala  "I 

Eugenia  cerasoides  Roxb.  J 
Eugenia  jambolana  Lamk. 

Eulalia  argenlea  Brongn. 

Eoodia  roxburghiana  Benth. 

Flacourtia  ramonlchi  L’  Herit.  T 
Flacourtia  sepiaria  Roxb.  J 
Flemingia  Roxb.  ex.  Ait. 

Flueggea  leucopyros  (Koen.)  Willd. 

Flueggea  microcarpa  Bl. 

Gardenia  lucida  Roxb. 

Gracilea  royleana  Hook.  f. 

Grewia  populifolia  Vahl. 

Gyrocarpus  americanus  auct  non  Jacq. 
Gymnosporia  montane  Benth. 

Hardwickia  pinnate  Roxb. 

Hedera  helix  auct  non  Linn. 

Heleochloa  schoenoides  (Linn.)  Host. 

Hemicyclia  sepiaria  W.  &  A. 

Hemicyclia  venusta  Thw. 


Current  name 

Benthamidia  capitate  (Wall.)  Kara 

Crataeva  unilocularis  Ham. 

Drypetes  lancifolia  (Hk.  f.)  Pax.  &  HoflFm. 
Eranthemum  purpurascens  Nees. 

Derris  trifoliate  Lour 
Dillenia  aurea  Sm. 

Diospyros  peregrina  (Gaertn.  )  Gurke 
Dipterocarpus  grandijlorus  Bl. 

Dipterocarpus  alatus  Roxb. 

Dipterocarpus  gracilis  Bl. 

Dolichandrone  atrovirens  (Heyne  ex  Roth)  Spragne 
Dolichandrone  spathacea  (Linn,  f.)  Schum. 

Duabanga  grandiflora  (Roxb.)  Walp. 

Sloanea  assamica  Rchder  &  Wilson 
Sloanea  dasycarpa  (Benth.)  Hemsl. 

Dactyloctenium  aegyptium  (Desf.)  Beauv. 
Daclyloctenium  scindicum  Boiscs. 

Eleusine  compressa  (Forsk.)  Aschers.  ct  Schwf. 
ex.  Christensen 

Embelia  tsjeriam-cottam  (R.  &  S.)  A.  Dc. 
Endospermum  chinense  Benth. 

Entada  phaseoloides  (L.)  Merrill. 

Desmostachya  bipinnata  (Linn.)  Stapf. 

Erianthus  ravennae  (Linn.)  P.  Beauv. 

Erythrina  variegate  Linn.  var.  orientalis  (Linn.) 
Merr. 

Syzygium  caryophyllatum  (Linn.)  Alston. 

Syzygium  cerasoideum  (Koxh.)  Raizada 

Syzygium  cumini  (Linn.)  Skeels. 

Eulalia  trispicata  (Schult.)  Heur. 

Evodia  lunu-ankenda  (Gaertn.)  Merr. 

Flacourtia  indica  (Bunn,  f.)  Merr. 

Moghania  (Linn.)  St.  Hil.  ex  Jacks. 

Securinega  leucophyrus  (Wild.)  M.  Arg. 

Securinega  virosa  (Roxb.  cx  Willd.)  Pax  &  Hoffm. 
Gardenia  resinifera  Roth. 

Melanocenchris  jacquemontii  Juuh  &  Spach. 

Grewia  tenax  (Forsk).  Fiori. 

Gyrocarpus  jacquinii  Gaertn. 

Gymnosporia  spinosa  (Forsk.)  Fiori 
Kingiodendron  pimatum  (Roxb.)  Harms. 

Hedera  nepalensis  K.  Koch. 

Crypsis  schoenoides  (Linn.)  Lamk. 

Drypetes  sepiaria  (W.&A.)  Pax.  &  Hoffm. 

DrypeUs  venusta  (Wight.)  Pax.  &  Hoffm. 
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Obsolete  name 


Current  name 


Heterophragma  roxburghii  A. DC. 

Imperata  arundinacea  Cyrill. 

Ipomoea  biloba  Forsk. 

Ischaemum  anguslifolium  Hack. 

Ischaemum  laxum  R.  Br. 

Ischaemum  nolanum  Hack. 

Ischaemum  sulcatum  Hack. 

Ixora  parviflora  Vahl.  non  Lamk. 

Jambosa  formosa  Walp. 

Jambosa  kurzii 
Jambosa  praecox 
Jambosa  ramosissima 

Juniperus  pseudo-sabina  Hk.  f.  non  Fisch.  et.  Mey. 
Kandelia  rheedii  W.  &  A. 

Kurrimia  laipartila  Laws. 

Lagerstroemia  flos-reginae  Retz. 

Lannea  grandis  (Dennst.)  Engler 
Leea  sambucina  Willd. 

Leptadenia  sparlium  Wight. 

Limonia  acidissima  Linn. 

Limonia  alata  W.  &  A. 

Limonia  crenulata  Roxb. 

Lindenbergia  urticaefolia  Lehm. 

Litsea  chinensis  Lam. 

Litsea  polyanlha  Juss. 

Loranthus  longifiorus  Desr. 

Madhuca  butyracea  (Roxb.)  Machride 
Madhuca  lalifolia  (Roxb.)  Macbride 
Michelia  cathcartii  Hk.  f.  &  Th. 

Michelia  excelsa  Bl.  ex  Wall. 

Miliusa  teclona  Hutchinson  ex,  Parkinson 
Mimusops  hexandra  Roxb, 

Mimusops  littoralis  Kurz. 

Mitrephora  prainii  King 
Mollugo  hirta  Thunb. 

Moringa  pterygosperma  Gaertn. 

Mucuna  imbricata  DC. 

Mucuna  pruriens  Baker  non  DC. 

Murraya  exotica  Linn. 

Myrica  nagi  Thunb. 

Nephelium  longana  Camb. 

Pfyssa  sessilifiora  Hk.  f.  &  Th. 

Ochlandra  brandissi  Gamble. 

Ochrosia  borbonica  Kh.  f.  non  Gmcl. 

Ocimum  canum  Sims. 

Odina  wodier  Roxb. 

Ophioiylon  spp.  Wight 


Heterophragma  quadriculare  (Roxb.)  K.  Schum. 
Imperata  cylindrica  (Linn.)  Beauv. 

Ipomoea  pes-caprae  (Linn.)  Sweet. 

Eulaliopsis  binata  (Retz.)  C.E.  Hubb. 

Sehima  nervosum  (Rottl.)  Stapf. 

Sehima  notana  (Hack.)  A.  Camus. 

Sehima  sulcatum  (Hack.)  A.  Camus. 

Ixora  arborea  Roxb.  ex.  Sm. 

Eugenia  formosa  Wall, 

Eugenia  kurzii  Duthie 
Eugenia  praecox  Roxb. 

Eugenia  ramosissima  Wall. 

Juniperus  wallichiana  Hk.  f.  ex  Pari. 

Kandelia  candel  (Linn.)  Druce. 

Kurrimia  indica  (Bedd.)  Gamble. 

Lagerstroemia  speciosa  (Linn.)  Pers. 

Lannea  coromandelica  (Houtt.)  Merr. 

Leea  indica  (Burm.)  Merr. 

Leptadenia pyrotechnica  (Forsk.)  Decne. 

Feronia  limonia  (Linn.)  Swingle 
Pleiospermium  alatum  (W.  &  A.)  Swingle 
Hesperethusa  crenulata  (Roxb.)  Roem. 
Lindenbergia  indica  (Linn.)  O.  Ktze. 

Litsea  glutinosa  (Lour.)  C.  B.  Robin. 

Litsea  monopetala  (Roxb.)  Pers. 

Dendrophthoe  falcata  (Linn,  f.)  Etting. 
Diploknema  butyracea  (Roxb.)  H.  J.  Lamb. 
Madhuca  indica  Gmel. 

Alcimandra  cathcartii  (Hk.  f.  &  Th.)  Dandy 
Michelia  doltsopa  Buch-Alam.  ex  DC. 
Saccopetalum  tectonum  (Hutchinson)  Ghatterjee 
Maniklara  hexandra  (Roxb.)  Dub. 

Manilkara  littorallis  (Kurz.)  Dub. 

Pseuduvaria  prainii  (King)  Merr. 

Glinus  lotoides  Linn. 

Moringa  oleifera  Lamk. 

Mucuna  nigricans  (Lour.)  Steud. 

Mucuna  prurita  Hook. 

Murraya  paniculata  (Linn.)  Jack. 

Myrica  sapida  Wall. 

Euphoria  longana  Lamk. 

Kyssajavanica  (Bl.)  Wang. 

Ochlandra  wightii  (Munro)  C.E.C.  Fischer 
Ochrosia  oppositifolia  (Lamk.)  K.  Schum. 
Ocimum  americanum  Linn. 

Lannea  coromandelica  (Houtt.)  Merr. 

Rauwoljia  spp.  Linn. 
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Osjris  arborea  Wall,  ex  A.  DC. 

Ougeinia  dalbergioides  Benth. 

Pandanus  odoratissimus  Roxb. 

Panicum  flavidum  Retz. 

Panicum  isachne  Roth. 

Panicum  plicatum  Willd.  (non  Lamk.) 

Pasania  spicata  (Syn.  Quercus  spicata  Sm.) 
Pennisetum  ciliare  Link. 

Penniselum  prieurii  Kunth, 

Pergularia  externa  N.E.  Br. 

Perolis  latifolia  Ait. 

Phyllanthus  emblica  Linn. 

Picea  nwrinda  Link. 

Picea  morindoides  Rchd. 

Pieris  ovalifolia  (Wnl\.)  D.  Don. 

Pinus  excelsa  Wall. 

Pinus  khasya  Royle  ex  Pari. 

Pinus  longifolia  Roxb. 

Planchonia  andamanica  King 
Plectronia  didyma  Kurz. 

Poa  interrupta  Lamk. 

Poa  unioloides  Retz. 

Podophyllum  emodi  Wall. 

Pogonatherum  saccheroideum  Beauv. 

Pollinia  argentea  Trin. 

Pollinia  ciliala  Trin. 

Pollinia  hirtifolia  Hack. 

Pollinia  mollis  Hack. 

Polytoca  barbata  Stapfex.  Hook.  f. 

Pongamia  glabra  Vent. 

Prunus  padus  (non  Linn.)  Hk.  f. 

Pteris  aquilina  Linn. 

Puliculum  articulatum  (Trin.)  Stapf  ex  Haines. 
Pyrus  foliolosa  Wall. 

Rhizophora  conjugata  Kurz.  non  Linn. 
Rhododendron  anlhopogon  Don. 

Rottboellia  perforata  Roxb. 

Saccharum  arundinaceum  Retz. 

Saccharumfuscum  Roxb. 

Saccharum  munja  Roxb. 

Saccharum  narenga  Ham. 

Saccopetalum  tomentosum  Hk.  f.  &  Th. 

Sapindus  trifoliatus  Hiren. 

Sarcostemma  brevistigma  W.  &  A. 

Scaevola  koenigiiWahl. 

Schleichera  trijuga  Willd. 

Scutia  indica  Brongn. 

Sideroxylon  tomentosum  Roxb. 


Osyris  wightiana  Wall,  ex,  Wight. 

Ougeinia  oojeinensis  (Roxb.)  Hochrcut 
Pandanus  Uctorius  Soland  ex  Parkinson 
Paspalidium  flavidum  (Retz.)  A.  Camus 
Brachiaria  eruciformis  (J.E.  Sm.)  Griseb. 

Setaria  palmifolia  (Koenig.)  Stapf. 

Lithocarpus  spicatus  (Sm.)  Redh.  &  Wils. 

Cenchrus  ciliaris  Linn. 

Cenchrus prieurii  (Kunth.).  Maire 
Pergularia  daemia  (Forsk.)  Chiov. 

Perotis  indica  (Linn.)  O.  Ktze. 

Emblica  officinalis  Gaertn. 

Picea  smithiana  (Wall.)  Boiss. 

Picea  spinulosa  (Griff.)  Henry 
Lyonia  ovalifolia  (Wall.)  Drunde 
Pinus  wallichiana  A.  B.  Jackson 
Pinus  insularis  Endl . 

Pinus  roxburghii  Sargent 
Plaruhonia  valida  Bl. 

Canthium  dicoccum  (Gaertn.)  Merr, 

Eragrostis  interrupta  (Lamk.)  Beauv. 

Eragrostis  unioloides  (Retz.)  Nees  ex  Stcud. 
Podophyllum  hexandrum  Royle, 

Pogonatherum  paniceum  (Lamk.)  Hack. 

Eulalia  trispicata  (Schult.)  Hcnr. 

Microstegium  ciliatum  (Trin.)  A.  Camus 
Eulalia  hirtifolia  (Hack.)  Ktze. 

Eulalia  mollis  (Grisele).  Ktze. 

Chionachne  koenigii  (Spreng.)  Thw. 

Pongamia  pitmata  (Linn.)  Pierre 
Prunus  cornuta  Steud. 

Pteridium  aquilinum  Kuhn. 

Pseudopogonatherum  contortum  (Brongn.)  A.  Camus. 
Sorbus  foliolosa  (Wall.)  Spach. 

Rhizophora  Candelaria  DC. 

Rhododendron  hypenanthum  Balf. 

Mnesithea  laevis  (Retz.)  Kunth. 

Erianthus  arundinaceus  (Retz.)  jesweit 
Sclerostachya  fusca  (Roxb.)  A.  Camus 
Erianthus  munja  (Roxb.)  Jesweit 
Narenga  porphyrocoma  (Hance)  Bor 
Miliusa  tomentosa  (Roxb.)  J.  Sinclair 
Sapindus  emarginatus  Vahl. 

Sarcostemma  acidum  (Roxb.)  Voigt. 

Scaevola  frutescens  (Mill.)  Krause, 

Schleichera  oleosa  (Lour)  Oken. 

Scutia  myrtina  (Burm.)  Kurz. 

Xantolis  tomentosa  (Roxb.)  Rafin. 
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Smilax  macrophylla  Roxb. 

Sonneratia  acida  Linn.  f. 

Spatholobus  roxburghii  Benth. 

Spertnacoce  hispida  Linn. 

Spondias  mangifera  Willd. 

Sporobolus  indicus  Hook.  f.  Non  R.  Br. 

Sporobolus  arabicus  Boiss.  "1 

Sporobolus  pallidus  (Necs)  Boiss.  j 
Suphegyne  parvifolia  Korth. 

Sierculia  data  Roxb. 

Surculia  campanulata  Wall,  ex  Masters. 

Sterculia  colorata  Roxb. 

SUreospermum  chelonoides  auct.  non  nisipartim  A. DC. 
Stereospermum  xylocarpum  Benth.  &  Hk.  f. 
Strobilanthes  callosus  Nees. 

Symplocos  spicata  Roxb. 

Syzygium  jambolanum  DC. 

Tamarix  arliculata  Vahl, 

Tamarix  gallica  auct.  non.  Linn. 

Taraktogenos  kurzii  King. 

Tecoma  undulata  G.  Don. 

Teinostachyum  dulloosa  Gamble. 

Ternstroemia  japonica  auct.  non  Linn. 

Themeda  ciliata  (Linn,  f.)  Hack. 

Thysanolaena  agrostis  Nees. 

Tiliacora  racemosa  Colebr. 

Toddalia  aculeata  Pers. 

Tragus  racemosus  Hook.  f. 

Triraphis  tnadagascariensis  Hk.  f. 

Tsuga  brunoniana  Carr. 

Turpinia  nepalensis  W.  &  A. 

Urochloa  helopus  Stapf. 

Vallaris  heynei  Spreng. 
l^itex  heterophylla  Roxb. 

Vitis  latifolia  Roxb. 

Vitis  repanda  W.  &  A. 

Woodfordia  floribunda  Salisb. 

Zanthoxylum  budrunga  DC.  \ 

Zanthoxylum  rhetsa  (Roxb.)  D.C. / 

Zizyphus  jujuba  Lamk.  non  Linn. 

Zizyphus  r''tundi/olia  Lamk. 


Current  name 


Smilax  zeylanica  Linn. 

Sonneratia  caseolaris  (Linn.)  Engler 
Butea  parvijlora  Roxb. 

Borreria  hispida  (Linn.)  Schum. 

Spondias  pinnata  (Linn,  f.)  Kurz. 

Sporobolus  elongatus  R.  Br. 

Sporobolus  marginatus  Hochst  ex  Rich. 

Mitragyna  parvifolia  (Roxb.)  Korth. 
Pterygota  alata  (Roxb.)  R.  Br. 

Pterocymbium  tinctorium  (Blanco)  Merr. 
Firmiana  colorata  (Roxb.)  R.  Br. 
Stereospermum  personalum  (Hassak.)  Chatt. 
Radermachera  xylocarpa  (Roxb.)  K.  Schum. 
Carvia  callosa  (Nees.)  Bremek. 

Symplocos  laurina  (Retz.)  Wall,  ex  G.  Don. 
Syzygium  cumini  (Linn.)  Skeels. 

Tamarix  aphylla  (Linn.)  Karst. 

Tamarix  troupii  Hole. 

Hydnocarpus  kurzii  (King)  Warb. 

Tecomella  undulata  (Smith)  Seem. 
Neohouzeaua  dullooa  A.  Camus. 

Ternstroemia  gymnanthera  (W.  &  A.)  Sprague. 
Themeda  quadrivalvis  (Linn.)  O.  Ktze. 
Thysanolaena  maxima  (Roxb.)  O.  Ktze. 
Tiliacora  acuminata  (Lamk.)  Miers. 

Toddalia  asiatica  (Linn.)  Lamk. 

Tragus  biflorus  (Roxb.)  Schult. 

Neyraudia  arundinacea  (K).  Hern. 

Tsuga  dumosa  (D.  Don.)  Eichler. 

Turpinia  cochinchinensis  (Lour).  Merr. 
Urochloa  panicoides  Bcauv. 

Vallaris  solanacea  (Roth).  O.  Ktze. 

Vitex  quinata  (Lour.)  F.  N.  Williams. 
Ampelocissus  latifolia  (Roxb.)  Plach. 

Cissus  repanda  Vahl. 

Woodfordia  fruticosa  (Linn.)  Kurz. 

Fagara  budrunga  Roxb. 

Zizyphus  mauratiana  Lamk. 

Zizyphus  nummularia  (Burm.  f.)  W.  &  A. 
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Current  name 


Obsolete  name 


Abies  speclabilis  (D.Don)  Spach. 

Acronychia  pedunculata  (Linn.)  Miq. 

Aerva  javanica  (Burm.  f.)  Spreng. 

Alangium  chinense  (Lour.)  Rehder 
Alangium  salvifolium  (Liim.  f.)  Wang. 

Albizzia  chinensis  (Osbeck)  Merr. 

Alcimandra  cathcartii.  (Hk.  f.  &  Th.)  Dandy 
Alloteropsis  cimicina  (Linn.)  Stapf. 

Alpinia  speciosa  (Wendl.)  Sebum. 

Ampelocissus  latifolia  (Roxb.)  Planch 
Anthocaephalus  cadamba  A.  Rich. 

Aphanamixis polyslachya  (Wall.)  Parker 
Apluda  mulica  Linn. 

Ardisia  solanacea  (Poir.)  Roxb. 

^ristida  depressa  Retz. 

Arthraxon  quartinianus  (A.  Rich.)  Nash. 
Arlocarpus  heterophyllus  Lamk. 

Armdinella  bengalensis  (Spreng.)  Druce 
Arundinella  inlricata  Hughes 
Arundinella  setosa  Trin. 

Balanites  aegyptiaca  (Linn.)  Delile 
Barringlonia  asiatica  (Linn.)  Kurz. 

Benthamidia  capitata  (Wall.)  Kara 

Bonamia  latifolia  (Hochst.  ex  Steud.)  Santapau 

Borreria  hispida  (Linn.)  Schum. 

Bothriochloa  pertusa  (Linn.)  A.  Camus. 
Brachiaria  eruciformis  (J.E.Sm.)  Griseb. 

Bromus  japonicus  Thunb. 

Bruguiera  conjugata  Linn. 

Butea  monosperma  (Lamk)  Taub. 

Butea  parvifiora  Roxb. 

Caesalpinia  bonduc  (Linn.)  Roxb. 

Canthium  dicoccum  (Gaertn.)  Merr. 

Calophyllum  elatum  Bcdd. 

Calophyllum  soulattri  Burm.  f. 

Capillipedium  assimile  (Steud.)  A.  Camus. 
Capillipedium  parviflorum  (R.  Br.)  Stapf. 
Capparis  decidua  (Forsk.)  Pax. 

Capparis  zeylanica  Linn,  non  Hk.  f.  &  Th. 
Carallia  brachiata  (Lour.)  Merr. 


Abies  webbiana  Lindl. 

Acronychia  laurifolia  Bl. 

Aerva  tomenlosa  Forsk. 

Alangium  begoniifolium  Baill. 

Alangium  lamarckii  Thw. 

Albizzia  stipulata  Boiv. 

Michelia  cathcartii  Hk.  f.  &  Th. 

Axonopus  cimicinus  Beauv. 

Alpinia  nutans  Roscoe 
Vitis  latifolia  Roxb. 

Anthocephalus  indica  Miq. 

Arnoora  rohituka  W.  &  .A. 

Apluda  varia  Hack,  subsp.  mulica  Hack. 
Ardisia  humilis  A. DC. 

Arislida  adscensionis  Hook.  F.  non  Linn. 
Arthraxon  ciliaris  Hk.  f. 

Artocarpus  integrifolius  non  L.  f. 

Arundinella  wallichii  Nees  ex.  Steud. 
Arundinella  brasiliensis  Raddi 
Arundinella  capillaris  Hook.  f. 

Balanites  roxburghii  Planch. 

Barringlonia  speciosa  Forst. 

Comus  capitata  Wall,  ex  Roxb. 

Breweria  latifolia  Benth.  ex  Cl. 

Spermacoce  hispida  Linn. 

Andropogon  perlusus  (Linn.)  Willd. 

Panicum  isachne  Roth. 

Bromus  palulus  Mert.  &  Koch. 

Bruguiera  gymnorhiza  Lamk. 

Butea  frondosa  Koenig  ex  Roxb. 

Spalholobus  roxburghii  Benth. 

Caesalpinia  bonducella  (Linn.)  Fleming 
Plectronia  didyma  Kurz. 

Calophyllum  tornentosurn  T.  Anders,  non  Wt. 
Calophyllum  speclabilis  Willd. 

Andropogon  assimilis  Steud. 

Andropogon  micranthus  Kunth. 

Capparis  aphylla  Roth. 

Capparis  horrida  Linn. 

Carallia  inlegerrima  DC. 
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Carissa  opaca  Stapf. 

Carvia  callosa  (Nees.)  Bremek. 

Cenchrus  barbalns  Schum. 

Cenchms  ciliaris  Linn. 

Cenchrus  prieurii  (Kunth.)  Maire 
Chionachne  koenigii  (Spreng.)  Thw. 

Cissus  repanda  Vahl. 

Ceriops  tagal  (Perr.)  G.  V.  Robins. 

Chimonobambusa  callosa  (Munro)  Nakai. 
Chimonobambusa  griffithiana  (Munro)  Nakai 
Chloris  inflata  Link. 

Chloris  dolichoslachya  Lag. 

Chukrasia  velutina  Wt.  &  Am. 

Chrysopogon  aciculatus  (Retz.)  Trin. 

Chrysopogon  fulvus  (Spreng.)  Chiov. 

Chrysopogon  gryllus  (Linn.)  Trin. 

Clerodendrum  viscosum  Vent. 

Cocculus  hirsutus  (Linn.)  Diels. 

Cochlospermum  religiosum  (Linn.  Alston 
Coix  gigantea  Koen.  ex.  Roxb. 

Commiphora  caudata  (W.  &  A.)  Engl. 

Commiphora  mukul  (Hook  ex  Stocks)  Engl. 
Corchorus  aestuans  Linn,  non  Forsk. 

Cordia  dichotoma  Forst.  F. 

Crataeva  unilocularis  Ham. 

Crypsis  schoenoides  (Linn.)  Lamk. 

Cymbopogon  coloratus  (Nees)  Stapf. 

Cymbopogon  jwarancusa  (Jones)  Schult. 

Cymbopogon  nardus  (Linn.)  Rendle. 

Cymbopogon  polyneuros  (Steud.)  Stapf. 

Dactyloctenium  aegyptium  (Desf.)  Beauv. 
Dactyloctenium  scindicum  Boiss. 

Dendrophthoe  falcata  (Linn,  f.)  Etting. 

Derris  trifoliata  Lour. 

Desmostachya  bipinnata  (Linn.)  Stapf. 

Dichanthium  annulalum  (Forsk.)  Stapf. 

Dillenia  aurea  Sm. 

Diospyros  peregrina  (Gaertn.)  Gurke. 

Diploknema  bulyracea  (Roxb.)  H.  J.  Lamb. 

Dipterocarpus  alatus  Ro.xb. 

Dipterocarpus  gracillis  Bl. 

Diplerocarps  grandijlorus  Bl. 

Dolichandrone  atrovirens  (Henye  ex  Roth.)  Sprague 
Dolichandrone  spathacea  (Linn  f.)  K.  Schum. 


Carissa  spinarum  auct.  non  Linn. 

Strobilanthes  callosus  Nees. 

Cenchrus  catharticus  Del. 

Pennisetum  ciliare  Link. 

Pennisetum  prieurii  Kunth. 

Polytoca  barbata  Stapf.  ex.  Hork.  f. 

Vitis  repanda  W.  &  A. 

Ceriops  candolleana  Arn. 

Arundinaria  callosa  Munro 
Arundinaria  griffithiana  Munro 
Chloris  barbata  (Linn.)  Sw. 

Chloris  incomplela  Roth. 

Chukrasia  tabularis  A.  Juss. 

Andropogon  aciculatus  Retz. 
f  Andropogon  monlicola  Schult. 

\Chrysopogon  montanus  Trin  ex  Spreng 
Andropogon  gryllus  Linn. 

Clerodendron  infortunatum  auct.  non  Linn. 
Cocculus  villosus  DC. 

Cochlospermum  gossypium  DC. 

Coix  lachryma-jobi  var.  gigantea  Stapf  ex.  Hk  f. 
Balsamodendron  caudatum  W.  &  A. 
Balsamodendron  mukul  Hook  ex  Stocks 
Corchorus  acutangulus  Lamk. 

Cordia  obliqua  Willd. 

Crataeva  roxburghii  Br. 

Heleochloa  schoenoides  (Linn.)  Host. 

Andropogon  coloratus  Nees. 

Andropogon  jwarancusa  Jones 
Andropogon  nardus  Linn. 

Andropogon  polyneuros  Steud. 

Eleusine  aegyptiaca  Desf. 

Eleusine  aristata  Ehrenb. 

Loranthus  longijlorus  Desr. 

Derris  uliginosa  Benth. 

Eragrostis  cynosuroides  Beauv. 

Andropogon  annulatus  Forsk. 

Dillenia pulcherrima  KuiZ. 

Diospyros  embryopteris  Pers. 

{Bassia  butyracea  Roxb. 

Madhuca  butyracea  (Roxb.)  Macbride. 

Dipterocarpus  incanus  Roxb. 

Dipterocarpus  turbinatus  var.  andamanica  King. 
Dipterocarpus  griffithi  Miq. 

Dolichandrone  crispa  Seem. 

Dolichandrone  rheedii  Seem. 

Cyclostemon  lancifolius  Hook  .  f. 


,etes  lancifolia  (Hk.  f.)  Pax.  &  Hoffm. 
etes  sepiaria  (W.  &  A.)  Pax.  &  Hoffm. 
eus  venusla  (Wight)  Pax.  &  Hoffm. 


Hemicyclia  sepiaria  W.  &  A. 
Hemicyclia  venusta  Thw. 
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Duabanga  grandiflora  (Roxb.)  Walp.  Duabanga  sonneratioides  Ham. 

Eleusine  comprissa  (Forsk.)  Aschers,  et.  Schwf.  ex  Chris-  Eleusine  flagellifera  Nces. 


tensen 

Embtlia  tsjeriam-collam  (R.  &  S.)  A. DC. 

Emblica  officinalis  Gaertn. 

Endospermum  chincnse  Benth. 

Entada phaseoloides  (L.)  Merrill. 

Eragroslis  interrupta  (Lamk.)  Beauv. 

Eragrostis  unioloides  (Retz.)  Nces  ex.  Steud. 
Eranthemum  purpurascens  Nees 
Eremopogon  foveolatus  (Del.)  Stapf. 

Erianthus  arundinaseus  (Retz.)  Vesweit 
Erianthus  mimja  (Roxb.)  Jesweit. 

Erianthus  ravennae  (Linn.)  P.  Beauv. 

Erylhrina  variegata  Linn.  var.  orientalis  (Linn.)  Mcrr. 
Eulalia  hirtifolia  (Hack.)  Ktze. 

Eulalia  mollis  (Griseb.)  Ktze. 

Eulalia  trispicala  (Schult.)  Henr, 

Eulaliopsis  binata  (Retz.)  C.  E.  Hubb 
Eugenia  formosa  Wall. 

Eugenia  kurzii  Duthia. 

Eugenia  praecox  Roxb. 

Eugenia  ramosissima  Wall. 

Euphoria  longana  Lamk. 

Evodia  lunu-ankenda  (Gaertn.)  Merr. 

Fagara  budrunga  Roxb. 

Feronia  limonia  (Linn.)  Swingle 
Firmiana  colorata  (Roxb.)  R.  Br. 


Embelia  robusta  G.B.  Cl.  non  Roxb. 
Phyllanthus  emblica  Linn. 

Endospermum  malaccense 
Entada  scandens  Benth. 

Poa  interrupta  Lamk. 

Poa  unioloides  Retz. 

Daedalacanthus  purpurascens  T.  Anders. 
Andropogon foveolatus  Del. 

Saccharum  arundinaceum  Retz. 
Saccharum  munja  Roxb. 

Erianthus  elephantinus  Hook.f . 
Erythrina  indica  Lamk. 

Pollinia  hirtifolia  Hack. 

Pollinia  mollis  Hack, 
f  Pollinia  argentea  Trin. 

\^Eulalia  argtrdea  Brongn. 

Ischaemum  angustifolium  Hack. 
Jambosa  formosa  Walp. 

Jambosa  kurzii 
Jambosa  praecox 
Jambosa  ramosissima 
JVephelium  longana  Gamb. 

Evodia  roxburghiana  Benth. 

r  Zanthoxylum  budrunga  DC. 
.^an/Aox>/«m  rhetsa  D.C. 

Limonia  acidissima  Linn. 

Sterculia  colorata  Roxb. 


Flacourtia  indica  (Burm.  f.)  Mcrr, 

Gardenia  resinifera  Roth. 

Glinus  lotoides  Linn. 

Grewia  tenax  (Forsk.)  Fiori. 

Gymnosporia  spinosa  (Forsk.)  Fiori. 

Gyrocarpus  jacquinii  Gaertn. 

Hedera  nepalensis  K.  Koch. 

Hesperethusa  crenulata  (Roxb.)  Roein. 

Heteropogon  contortus  (Linn.)  Beauv.  ex.  R.  &  S. 
Heteropkragma  quadriculare  (Roxb.)  K.  Schum. 
Hopea  utilis  (Bcdd.)  Bole. 

Hydnocarpus  kurzii  (King.)  Warb. 

Imperata  (ylindrica  (Linn.)  Beauv. 

Ipomoea  pes-caprae  (Linn.)  Sweet. 

Ixora  arborea  Roxb.  ex  Sm. 


Flacourtia  ramontchi  L’  Hcrit. 
Flacourtia  sepiaria  Roxb. 

Gardenia  lucida  Roxb. 

Mollugo  hirta  Thunb. 

Grewia  populifolia  Vahl. 

Gymnosporia  montana  Benth. 
Gyrocarpus  americanus  auct.  non  Jacq. 
Hedera  helix  auct.  non  Linn. 

Limonia  crenulata  Roxb. 

Andropogon  contortus  Linn. 
Heteropkragma  roxburghii  A.  DC. 
Balanocarpus  utilis  Bcdd. 

Taraktogenos  kurzii  King. 

Imperata  arundinacea  Cyrill. 

Ipomoea  biloba  Forsk. 

Ixora  parvifora  Vahl.  non  Lamk. 
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Juniperus  wallichiana  Hk.  f.  ex  Pari 
Kandelia  candel  (Linn.)  Druce. 
Kingiodendron  pinatum  (Roxb.)  Harms. 
Kurrimia  indica  (Bedd.)  Gamble. 
Lagerstroemia  speciosa  (Linn.)  Pers. 

Lannea  coromandelica  (Houtt.)  Merr. 

Leea  indica  (Burm.)  Merr. 

Leptadenia  pyrolechnica  (Forsk.)  Decne. 
Lindenbergia  indica  (Linn.)  O.  Ktze. 
Lithocarpus  spicatus  (Sm.)  Rehd.  &  Wils. 
Litsea  glutinosa  (Lour.)  C.  B.  Robinson 
Litsea  monopetala  (Roxb.)  Pers. 

Lyonia  ovalifolia  (Wall.)  Drude. 

Madhuca  indica  Gmel. 

Mahonia  napaulensis  DC. 

Manilkara  littoralis  (Kurz.)  Dub. 
Manilkara  hexandra  (Roxb.)  Dub. 
Melanocenchrisjacquemontiijauh  &  Spach. 
Michelia  dollsopa  Buch-Ham.  ex  DC. 
Microstegium  ciliatum  (Trin.)  A.  Camus. 
Miliusa  tect.na  Hutch,  ex  Parkin  son. 
Miliusa  tomentosa  (Roxb.)  J.  Sinclair 
Mitragyna  parvifolia  (Roxb.)  Korth. 
Mnesithea  laevis  (Retz.)  Kunth 
Moghania  (Linn.)  St.  Hil.  ex  Jacks. 
Moringa  oleifera  Lamk. 

Mucuna  nigricans  (Lour.)  Steud. 

Mucuna  prurita  Hook 

Murdannia  nudiflorum  (Linn.)  Brenan. 

Murraya  paniculala  (Linn.)  Jack. 

Myrica  sapida  Wall. 

Narenga  porphyrocoma  (Hance)  Bor 
Neohouzeaua  dullooa  A.  Camus. 

Neyraudia  arundinacea  (L.)  Henr. 

Nyssa  javanica  (Bl.)  Wang. 

Ochlandra  wighlii  (Munro)  C.E.C.  Fisher 
Ochrosia  oppositifolia  (Lamk.)  K.  Schum. 
Ocitnutn  americanum  Linn. 

Osyris  wightiana  Wall,  ex  Wight 
Ougeinia  oojeinensis  (Roxb.)  Hochreut 
Palaquium  ellipticum  (Dalz.)  Engler. 
Pandarms  tectorius  Soland  ex  Parkinson 
Paspalidium  flavidum  (Retz.)  A.  Camus. 
Pcrgularia  datmia  (Forsk.)  Chiov. 

Perotis  indica  (Linn.)  O.  Ktze. 

Persea  owdenii  (Parker)  Kostermans 


Juniperus  pseudo-sabina  Hk.  F.  non  Fisch.  ex  Mey. 
Kandelia  rheedii  W.  &  A. 

Hardwickia  pinnata  Roxb. 

Kurrimia  bipartita  Laws. 

Lagerstroemia  flos-reginae  Retz. 

{Odina  wodier  Roxb. 

Lannea  grandis  (Denst.)  Engler 
Leea  sambucina  Willd. 

Leptadenia  spartium  Weight. 

Lindenbergia  urticaefolia  Lebin. 

Pasania  spicata  (Syn.  Quercus  spicata  Sm). 

Litsea  chinensis  Lam. 

Litsea  polyantha  Juss. 

{Andromedia  ovalifolia  Wall. 

Pieris  ovalifolia  (Wall.)  D.  Don. 

{Bassia  latifolia  Roxb. 

Madhuca  latifolia  (Roxb.)  Macbride 
Berberis  nepalensis  Spring,  in  part 
Mimusops  littoralis  Kurz. 

Mimusops  hexandra  Roxb. 

Gracilea  royleana  Hook  .  f. 

Michelia  excelsa  Bl.  ex  Wall. 

Pollinia  ciliata  Trin. 

Saccopetalum  tectonum  (Hutch.)  Chatterjee 
Saccopetalum  tomentosum  Hk.  f.  &  Th. 

Stephegyne  parvifolia  Korth. 

Rcttboellia  perforata  Roxb. 

Flemingia  Roxb.  ex.  Ait. 

Moringa  pterygosperma  Gaertn. 

Mucuna  imbricata  DC. 

Mucuna  pruriens  Baker  non  DC. 

Aneilema  nudiflorum  R.  Br. 

Murraya  exotica  Linn. 

Myrica  nagi  Thunb. 

Saccharum  narenga  Ham. 

Teinostachyum  dulllooa  Gamble. 

Triraphis  madagascariensis  Hk.  f. 

Kyssa  sessiliflora  Kh.  f.  &  Th. 

Ochlandra  brandisii  Gamble. 

Ochrosia  borbonica  Hk.  f.  non  Gmel. 

Ocimum  canum  Sims. 

Osyris  arborea  Wall,  ex  A.  DC. 

Ougeinia  dalbergioides  Benth. 

Bassia  elliptica  Dalz. 

Pandanus  odoratissimus  Roxb. 

Panicum  flavidum  Retz. 

Pergularia  extensa  N.E.  Br. 

Perotis  latifolia  Ait. 

Alseodaphne  owdenii  Parker 


Appendices 

APPENDIX  D  {ii)—conld. 


387 


Current  name 


Obsolete  name 


Picea  smithiana  (Wall).  Boiss. 

Picea  spinulosa  (Griff.)  Henry 
Pinus  insularis  Endl. 

Pinus  roxburghii  Sargent 
Pinus  wallichiana  A.  B.  Jackson 
Planchonia  valida  Bl. 

Pleiospermium  alatum  (W.  &  A.)  Swingle 
Podophyllum  hexandrum  Royle 
Pogonatherum  paniceum  (Lamk.)  Hack. 

Pongamia pinnata  (Linn.)  Pierre 
Protium  serratum  (Wall.  ex.  Gobler)  Engl. 

Prunus  cornula  Steud. 

Pseudopogonatherum  contorlum  (Brongn.)  A.  Camus 
Pseuduvaria  prainii  (King)  Merr. 

Pleridium  aquilinum  Kuhn 
Pterocymbium  tin'torium  (Blanco)  Merr. 

Pierygola  alata  (Roxb.)  R.  Br. 

Radermachera  xylocarpa  (Roxb.)  K.  Schum. 
Rauwoljia  spp.  Linn. 

Rhizophora  candelaria  DC. 

Rhododendron  hypenanlhum  Balf. 

Rinorea  bengalensis  (Wall.)  O.  Ktze. 

Salmalia  insignis  (Wall.)  Schott.  &  Endl. 

Salmalia  malabarica  (DC.)  Schott.  &  Endl. 
Sapindus  emarginatus  Vahl. 

Sarcostemma  acidum  (Roxb.)  Voigt. 

Scaevola frutescens  (Mill.)  Kranse 
Schleicher  a  oleosa  (Lour.)  Oken 
Sclerostachya  fusca  (Roxb.)  A.  Camus. 

Scutia  myrtina  (Burm.)  Kurz. 

Sehima  nervosum  (Rottl.)  Stapf. 

Sehima  notana  (Hack.)  A.  Camus. 

Sehima  sulcatum  (Hack.)  A.  Camus. 

Securinega  leucophyrus  (Willd.)  M.  Arg. 

Securinega  virosa  (Roxb.  ex  Willd.)  Pax  &  Hoffm. 
Setaria  palmifolia  (Koenig)  Stapf. 

Sloanea  assamica  Rehder  &  Wilson 
Sloanea  dasycarpa  {henth.)  Hems!. 

Smilax  zeylanica  Linn. 

Sonneratia  caseolaris  (Linn.)  Engler 
Soibusfoliolosa  (Wall.)  Spach. 

Sorghum  halepense  (Linn.)  Pers. 

Spondias  pinnata  (Linn,  f.)  Kurz. 

SpoTobolus  elongatus  R.  Br. 

Sporobolus  marginatus  Hochst.  ex  Rich. 


Picea  morinda  Link. 

Picea  morindoides  Rehd. 

Pinus  khasya  Royle  ex  Pari. 

Pinus  longifolia  Roxb. 

Pinus  excelsa  Wall. 

Planchonia  andamanica  King. 

Limonia  alata  W.  &  A. 

Podophyllum  emodi  Wall. 

Pogonatherum  saccharoideum  Beauv. 

Pongamia  glabra  Vent. 

Bursera  serrata  Wall,  ex  Cobler 
Prunus  padus  (non  Linn.)  Hk.  f. 

Puliculum  articulatum  (Trin.)  Stapf  ex  Haines 
Mitrephora  prainii  King 
Pteris  aquilina  Linn. 

Sterculia  campanulata  Wall,  ex  Masters. 
Slerculia  alata  Roxb. 

Stereospermum  xylocarpum  Benth.  &  Hk.  f. 
Ophioxylon  spp.  Wight 
Rhizophora  conjugata  Kurz.  non  Linn. 
Rhododendron  anthopogon  Don. 

Alsodeia  bengalensis  Wall. 

Bombax  insigne  Wall. 

Bombax  malabaricum  DC. 

Sapindus  trifolialus  Hiern. 

Sarcostemma  brevistigma  W.  &  A. 

Scaevola  koenigii  Vahl. 

Schleichera  trijuga  Willd. 

Saccharum  fuscum  Roxb. 

Scutia  indica  Brongn. 

Ischaemum  laxum  R.  Br. 

Ischaemum  notanum  Hack. 

Ischaemum  sulcatum  Hack. 

Flueggea  leucopyros  (Koen.)  Willd. 

Flueggea  microcarpa  Bl. 

Panicum  plicatum  Willd.  (non  Lamk.) 
Echinocarpus  assamicus  Benth. 

Echinocarpue  da^carpa  Benth. 

Smilax  macrophylla  Roxb. 

Sonneratia  acida  Linn.  f. 

Pyrus foliolosa  Wall. 

Andropogon  halepensis  Brot. 

Spondias  mangifera  Willd. 

Sporobolus  indicus  Hook.  f.  non  R.  Br. 

Sporobolus  arabicus  Boiss. 

Sporobolus  pallidas  (Nces)  Boiss. 
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Stereospermum  personatum  (Hassk.)  Chatt. 
Symplocos  laurina  (Retz.)  Wall,  ex  G.  Don. 
Symingtonia  populnea  (R.  Br.)  Van  Steenis 
Syzygium  caryophyllatum  (Linn.)  Alston 

Syzygium  cerasoideum  (Roxb.)  Raizada 

Syzygium  cumini  (Linn.)  Skeels 

Tamarix  aphylla  (Linn.)  Karst. 

Tamarix  troupU  Hole 
Tecomella  undulata  (Smith)  Seem 
Temstroemia  gymnanthera  (W.  &  A.  Sprague) 
Thamnocalamus  arislatus  E.  G.  Camus 
Thamnocalamus  falconeri  Hook.  f. 
Thamnocalamus  spathiflorus  (Trin.)  Munro 
Themeda  anathera  (Nees  ex  Steud.)  Hack. 

Themeda  arundinacea  (Roxb.)  Ridley 

Themeda  quadrivalvis  (Linn.)  O.  Ktze. 
Themeda  triandra  Forsk. 


Stereospermum  chelonoides  auct.  non  nisipartim  A.DC 
Symplocos  spicata  Roxb. 

Bucklandia  populnea  R.  Br.  ex  GrifF. 

Eugenia  caryophyllaea  Wt. 

Eugenia  cerasoides  Roxb. 

Eugenia  operculata 

f  Eugenia  jambolana  Lamk. 

jambolanum  DC. 

Tamarix  articulata  Vahl. 

Tamarix  gallica  auct  non  Linn. 

Tecoma  undulata  G.  Don. 

Ternstroemia  japonica  auct.  non  Linn. 

Arundinaria  aristata  Gamble. 

Arundinaria  falconeri  (Hook,  f.)  Benth.  et  Hook. 
Arundinaria  spathiflora  Trin. 

Anthistiria  anathera  Nees  ex  Steud. 

Anthistiria  arundinacea  Roxb. 

Anthistiria  gigantea  Cav. 

Anthistiria  ciliata  Linn.  f. 

Themeda  ciliata  (Linn,  f.)  Hack. 

Anthistiria  imberbis  Retz. 

Thysanolaena  agrostis  Nees. 

Agrostis  maxima  Roxb. 

Tiliacora  racemosa  Colebr. 

Toddalia  aculeata  Pers. 

Tragus  racemosus  Hook.  f. 

Tsuga  brunoniana  Carr. 

Turpinia  nepalensis  W.  &  A. 

Urochloa  helopus  Stapf. 

Vallaris  heynei  Spreng. 

Andropogon  muricatus  Retz. 

Vitex  heterophylla  Roxb. 

Woodfordia  floribunda  Salisb. 

Sideroxylon  tomentosum  Roxb. 

Carapa  obovata  Bl. 

Carapa  moluccensis  Lam. 

Zizyphus  jujuba  Lamk.  non  Linn. 

Zizyphus  rotundifolia  Lamk. 


Thysanolaena  maxima  (Roxb.)  O.  Ktze. 

Tiliacora  acuminata  (Lamk.)  Miers 
Toddalia  asiatica  (Linn.)  Lamk. 

Tragus  bijlorus  (Roxb.)  Schult. 

Tsuga  dumosa  (D.  Don)  Eichler 
Turpinia  cochmchinensis  (Lour.)  Merr. 
Urochloa  panic  aides  Beauv. 

Vallaris  solanacea  (Roth.)  O.  Ktze. 
Vetiveria  zizanioides  (Linn.)  Nash. 

Vitex  quinata  (Lour.)  F.  N.  Williams 
Woodfordia  fruticosa  (Linn.)  Kurz. 
XartAis  torruntosa  (Roxb.)  Rafin. 
Xylocarpus  granatum  Koenig. 

Xylosarpus  moluccensis  (Lam.)  Roem. 
ZizyPhus  mauratiana  Lamk. 

Zizyphus  nummularia  (Burm  f.)  W.  &  A. 
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Aj^pendix  on  the  methods  of  studying  forest  types  will  be  published  separately. 


